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PREFACE 


THIS  IS  THE  Report  of  the  Cataract  Panel,  which  is 
Part  Three  of  Volume  Two,  Reports  of  the  Program 
Panels,  of  the  multivolume  report  of  the  National 
Advisory  Eye  Council  entitled,  Vision  Research — A 
National  Plan:  1983-1987. 

The  complete  National  Plan  presents  a  compre- 
hensive and  detailed  assessment  of  the  current  NEI 
program  as  well  as  specific  recommendations  for 
program  development  over  the  next  five  years. 
These  include  program  priorities  and  projections  of 
resource  requirements  for  each  major  area  of  vision 
research  that  the  NEI  supports.  Readers  desiring 
additional  information  should  consult  the  following 
volumes: 


Executive  Summary  (Overview  of  the  entire  Plan). 

Volume  One — The  1983  Report  of  the  National 
Advisory  Eye  Council  (Background,  Summary 
Panel  Reports  and  Resource  Requirements,  Im- 
plementation Strategy,  Cross-Cutting  Research 
Areas  and  Issues,  Planning  Participants,  Planning 
Strategy  and  Process). 

Volume  Two — Reports  of  the  Program  Panels 

Part  One — Report  of  the  Retinal  and  Choroidal 

Diseases  Panel 
Part  Two — Report  of  the  Corneal  Diseases  Panel 
Part  Three — Report  of  the  Cataract  Panel 
Part  Four — Report  of  the  Glaucoma  Panel 
Part  Five — Report  of  the  Strabismus,  Amblyopia, 

and  Visual  Processing  Panel 
Part  Six — Report  of  the  Panel  on  Visual  Impair- 
ment and  Its  Rehabilitation. 

Volume  Three — Support  for  Vision  Research  (Data 
on  vision  research  projects  supported  by  the  NEI 
in  FY  1981  and  by  other  government  and  private 
organizations  in  FY  1980). 
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SUMMARY 


INTRODUCTION 

CATARACT,  AN  OPACITY  of  the  eye's  normally 
clear  lens  that  interferes  with  vision,  is  one  of  the 
most  common  and  widely  feared  eye  diseases. 
Although  regarded  by  many  people  as  an  unavoid- 
able and  even  inevitable  accompaniment  to  advanc- 
ing age,  cataract  may  develop  at  any  time  in  life, 
even  before  birth.  In  addition  to  aging,  cataract  may 
be  a  consequence  of  diabetes  and  other  metabolic 
disorders,  toxic  environmental  agents  such  as  radi- 
ation and  light,  or  it  may  be  inherited  or  congenital 
in  nature.  Removal  of  the  opaque  lens,  the  only  way 
of  treating  cataract,  is  important  for  improving 
vision  and  protecting  other  ocular  structures  from 
potential  damage  by  a  disintegrating  mature  cata- 
ract. 

Extent  of  the  Problem 

Senile  cataract  is  the  third  leading  cause  of  legal  blind- 
ness in  the  United  States.1  Based  on  available  data,  at 
least  43,000  persons  in  the  United  States  are  legally 
blind  because  of  cataracts  from  all  causes,  and  at  least 
4,700  become  blind  from  cataracts  each  year.23  Con- 
genital cataracts  account  for  14  percent4  to  40  percent5 
of  childhood  blindness.  Cataracts  were  present  in  1 .6 
per  10,000  live  births  in  one  geographic  area.6 

Cataract  is  also  a  major  cause  of  "visual  impair- 
ment," a  condition  defined  as  "trouble  seeing  with 
one  or  both  eyes  even  when  wearing  glasses." 1 
Statistics  from  the  National  Health  Interview 
Survey  suggest  that  at  least  400,000  persons  develop 
cataract  each  year,  with  cataract  being  responsible 
for  35  percent  of  existing  visual  impairments  and  for 
53    percent    of  the   new    visual    impairments    with 


known  etiologies. 1  In  the  Framingham  Eye  Study, 
the  prevalence  of  senile  cataract  was  found  to  be  4.5 
percent,  18.0  percent,  and  45.9  percent  of  persons 
who  are  52  to  64,  65  to  74,  and  75  to  85  years  of  age, 
respectively. 7 

The  magnitude  of  the  problem  is  also  apparent  in 
data  showing  that  in  1978  there  were  3.4  million 
visits  to  office-based  physicians  because  of  cataract, 
and  1.3  million  visits  because  of  aphakia  (absence  of 
the  lens,  primarily  as  a  result  of  cataract  surgery).  8 
In  the  same  year,  900,000  office  visits  were  due  to 
cataract  as  a  new  problem  for  those  patients. 8 
According  to  the  United  States  Hospital  Discharge 
Survey  conducted  by  the  National  Center  for 
Health  Statistics,  an  estimated  541,000  cataract 
extractions  were  performed  in  1981.  About  90  to  95 
percent  of  these  operations  were  successful  in 
restoring  useful  vision  when  eyeglasses,  contact 
lenses,  or  artificial  lens  implants  were  used.  None- 
theless, because  it  is  always  desirable  to  avoid  any 
surgery  if  possible  and  because  complications  or 
unsatisfactory  visual  adjustments  still  occur  follow- 
ing cataract  extraction  in  a  small  percentage  of 
cases,  the  National  Eye  Institute  devotes  most  of  its 
funding  in  the  Cataract  program  to  research  aimed 
at  developing  means  of  preventing  or  slowing  the 
development  of  cataracts  or  of  treating  them  non- 
surgically. 

The  potential  benefit  of  such  research  is  indicated 
by  NEI  statisticians'  estimate  that  development  of  a 
therapy  which  could  delay  the  need  for  cataract 
surgery  by  ten  years  would  reduce  the  annual 
number  of  cataract  operations  by  45  percent.  As- 
suming hospital  and  surgical  costs  of  $2,500  per 
cataract  operation,  the  reduction  in  cataract  oper- 
ations per  year  from  541,000  to  298,000  would  save 
$608  million  annually  in  medical  care  costs  alone. 
When  one  also  considers  the  gains  in  productivity 
and  the  reduction  in  patient  anxiety  and  suffering,  it 
is  clear  that  support  for  cataract  research  is  an 
investment  that  can  pay  extremely  high  dividends. 
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Cataract  Treatment 

At  present,  surgery  to  remove  the  opaque  lens  is  the 
only  effective  way  of  treating  cataract.  The  cataract 
may  be  removed  by  several  methods,  including 
intracapsular  extraction  (removal  of  the  entire  lens, 
including  its  surrounding  capsule)  with  a  cryoex- 
tractor  which  freezes  the  cataract  to  it,  enabling  the 
lens  to  be  detached  and  extracted,  or  by  extracapsu- 
lar methods  (removal  of  the  anterior  capsule  and 
lens  substance,  while  retaining  the  posterior  cap- 
sule). Techniques  developed  over  the  past  25  years 
have  made  cataract  extraction  by  any  of  these 
methods  one  of  the  safest  and  most  successful  of  all 
major  operations. 

In  many  parts  of  Europe  and  Asia,  drugs  with 
alleged  but  unproved  anti-cataract  properties  enjoy 
huge  sales.  A  variety  of  agents  which  are  claimed 
either  to  prevent,  delay,  or  reverse  cataracts  associ- 
ated with  aging,  radiation,  or  diabetes  and  galactos- 
emia are  available.  These  agents  and  their  potential 
ocular  effects  have  recently  been  critically  re- 
viewed. 9  Because  none  of  these  drugs  has  been 
shown  to  be  effective  in  man,  at  best  they  may  do 
no  harm;  at  worst  they  may  cause  people  with 
cataract  to  delay  obtaining  proper  diagnosis  and 
treatment.  Any  current  assessment  of  the  general 
state  of  knowledge  in  cataract  research  must  empha- 
size the  importance  of  increased  public  awareness  of 
unproven  anticataract  nostrums  and  the  need  for 
rigorous  testing  of  efficacy  and  safety  of  scientifical- 
ly promising  anti-cataract  drugs. 

Classification  of  Cataract 

It  has  been  difficult  to  produce  a  definition  of 
cataract  that  satisfies  both  basic  scientists  and 
clinicians.  The  anatomical  changes  that  occur  in 
cataract  formation  may  be  described  in  terms  of  foci 
of  light-scattering  and  absorption  within  the  ocular 
crystalline  lens.  However,  it  is  the  personal  or 
functional  component  of  the  definition  that  is  most 
meaningful  for  the  cataract  patient.  Defining  a 
cataract  as  a  focus  of  light-scattering  and/or  absorp- 
tion also  does  not  satisfy  clinical  ophthalmologists 
faced  with  grossly  apparent  structural  differences  in 
the  foci  of  light  scattering  and  different  degrees  of 
light  absorption,  nor  does  a  clinical  definition 
emphasizing  presumed  etiology  (such  as,  senile, 
traumatic,  drug-induced,  or  radiation)  convey  much 
useful  information  to  basic  scientists  who  are  at- 
tempting to  determine  exactly  why  these  changes 
occur.  A  compromise  adopted  by  most  Americans 
lens  scientists  is  a  system  of  precise  descriptive 
clinical  terms  for  cataractous  change.  This  system 
enables  clinicians  and  basic  scientists  to  describe 
accurately  the  extent  of  cortical,  subcapsular,  and 
supranuclear  opacification  and  the  degree  of  nuclear 
sclerosis  and  opacification.  This  approach  has  been 


used  successfully  in  several  centers,  and  published 
reports  attest  to  its  usefulness.1011  The  future 
application  of  this  system  to  solving  problems  of 
cataract  formation  in  vivo  can  be  expected. 

Cataract  Research 

The  past  five  years  have  witnessed  a  phenomenal 
change  in  the  focus  and  scope  of  cataract  research 
in  the  United  States,  and  to  some  degree,  through- 
out the  world.  Cataract  research  has  evolved  in 
varying  degrees  along  three  main  paths:  (1)  basic 
research  into  the  mechanisms  of  lens  transparency 
or  opacification,  (2)  clinical  and  epidemiological 
research  into  patterns  of  cataract  formation  in 
humans,  and  (3)  research  aimed  at  improving 
techniques  of  cataract  extraction  and  correction  of 
resultant  aphakia.  Basic  research  has  been  stimulat- 
ed by  Federal  and  private  funding,  while  surgical 
research  has  responded  to  obvious  clinical  needs. 
However,  epidemiological  research  has  not  received 
the  attention  it  deserves,  and  as  a  result  of  this 
unbalanced  development,  uncertainties  now  con- 
found clinicians,  scientists,  and  laymen.  Despite 
major  advances  in  understanding  and  treating  cata- 
ract, it  remains  a  major  cause  of  legal  blindness  and 
visual  disability.  Epidemiological  research  may  help 
in  defining  those  factors  that  acting  alone  or 
together  increase  the  likelihood  of  cataract  develop- 
ment. It  is  clear  that  research  must  expand  beyond 
the  laboratory  or  hospital  environment  into  the 
community  to  find  the  causes  of  cataract. 

It  is  becoming  increasingly  important  to  gain  an 
understanding  of  the  natural  history  of  each  form  of 
cataract,  but  this  is  difficult  because  many  of  them 
mature  extremely  slowly.  Clinical  experience 
strongly  suggests  that  the  natural  courses  of  differ- 
ent types  of  cataract  are  distinct,  but  quantitative 
estimates  of  the  rates  and  variability  of  maturation 
do  not  exist.  Such  information  would  greatly  facili- 
tate the  design  of  clinical  trials  of  anti-cataract  drugs 
or  techniques.  Thanks  largely  to  basic  research  on 
such  factors  as  the  enzyme  aldose  reductase  (which 
triggers  sugar  cataract  formation  in  animals),  photo- 
oxidation  (the  toxic  effect  of  ultraviolet  light  on  the 
lens),  ionizing  radiation  (producing  x-ray  cataract), 
and  other  lens  toxins,  investigators  are  on  the 
threshold  of  developing  medical  or  preventive 
approaches  to  cataract. 


PROGRAM  STRUCTURE 


To  focus  attention  on  the  several  distinct  but 
interrelated  aspects  of  cataract  research,  the  NEI 
Cataract  program  has  been  divided  into  the  follow- 
ing subprograms.   This  structure  also  provided  a 


Summary 


basis  for  the  Cataract  Panel's  analysis  and  evaluation 
of  the  program  and  for  the  organization  of  this 
report. 

1.  The  Normal  Lens 

2.  Epidemiology  of  Cataract 

3.  Senile  Cataract 

4.  Diabetic  and  Metabolic  Cataract 

5.  Nongenetic   Congenital   and   Genetic   Cataracts   and 
Dislocated  Lenses 

6.  Cataract  Induced  by  Environmental  and  Toxic  Ef- 
fects 

7.  Treatment   of  Cataract   and   Correction   of  Aphakia 


ORGANIZATION  OF  THE 
PLAN 

Each  chapter  in  this  report  begins  with  an  introduc- 
tion that  highlights  the  importance  of  the  research 
field  or  disorder  it  addresses.  This  is  followed  by  a 
list  of  subprogram  objectives,  an  overview  of 
current  research  support,  a  review  of  recent  re- 
search accomplishments,  and  a  discussion  of  current 
research  needs  and  opportunities.  This  analysis 
culminates  in  a  list  of  the  Panel's  recommendations 
for  the  Program  Base  and  for  Program  Develop- 
ment Priorities  within  the  subprogram. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants    in    these    areas    are    forthcoming. 

Each  chapter  concludes  with  a  table  that  shows 
the  number  and  dollar  amount  of  research  grants 
supported  in  each  of  these  areas  in  FY  1981  and  the 
number  and  estimated  costs  of  projects  the  Panel 
recommends  for  funding  by  FY  1983.  For  a  detailed 
discussion  of  the  planning  process  used  to  develop 
these  recommendations  see  Volume  One,  The  1983 
Report  of  the  National  Advisory  Eye  Council. 


PROGRAM  GOALS 


To  find  means  of  preventing  or  slowing  cataract 
development. 

To   determine   the   causes   and    mechanisms   of 
cataract  formation. 

To   understand   the   development,   biochemistry, 
and  biophysics  of  the  normal  lens. 

To  evaluate  the  safety  and  efficacy  of  methods  of 
cataract  extraction. 

To  evaluate  new  methods  for  correcting  optical 
problems  that  follow  cataract  surgery. 


OVERVIEW  OF  CURRENT 
RESEARCH 

Support  of  cataract-related  research  in  the  United 
States  is  provided  mainly  by  the  National  Eye 
Institute.  In  FY  1981,  NEI  supported  101  individual 
cataract  research  grants  at  a  total  cost  of  nearly  $9 
million.  Other  branches  of  the  Federal  Government 
provided  limited  support.  Private  organizations  con- 
tributed in  many  important  ways;  however,  private 
funding  was  not  sufficient  to  support  even  a  small 
number  of  the  projects  approved  but  not  funded  by 
the  National  Eye  Institute. 

Despite  the  increasing  public  health  impact  of 
cataract  on  society,  since  1978  support  for  cataract 
research  has  leveled  off.  If  one  looks  at  the  total 
number  of  cataract  grants  of  all  types  over  several 
years  (Table  1),  it  is  apparent  that  the  steady 
increase  in  support  for  cataract  research  noted 
during  1974  to  1978  leveled  off  and  then  decreased 
during  the  period  between  1978  and  1981.  The 
reason  for  this  effect  is  explained  in  part  by  the  fact 
that  between  1974  and  1978,  the  number  of  investi- 
gators with  one  or  more  NIH  Research  Project 
Grants  (R01)  in  the  Cataract  program  (Table  2) 
increased  from  46  to  84;  in  1981  there  were  only  5 
more  than  that.  The  problem  appears  to  be  partly  in 
recruiting  and  training  new  investigators  in  cataract 
research.  Epidemiologists,  biostatisticians,  and  phy- 
sicians with  an  interest  in  lens/cataract  research  are 
in  short  supply. 
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Code/Mechanism 


1974       1975       1976       1977       1978       1979       1980       1981 


R01  Project  Grant 

RIO  Cooperative  Clinical  Research  Grant 

R23  New  Investigator  Research  Award 

F32  Individual  National  Research  Service  Award 

K04  Research  Career  Development  Award 

P30  Core  Grant 

N01  Research  Contract 

T32     Institutional  Grant  for  National  Research  Service 
Awards 

Y01     NIH  Interagency  Agreement 

Total 

TABLE  1.  Types  of  NEI  Cataract  Grants  Awarded. 


49 

57 

70 

73 

95 

100 

99 

100 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

3 

5 

7 

8 

3 

0 

0 

0 

3 

3 

3 

2 

1 

0 

1 

0 

2 

1 

1 

4 

0 

0 

1 

1 

1 

2 

2 

0 

1 

0 

0 

0 

4 

4 

6 

5 

2 

0 

0 

0 

1 

1 

1 

0 

0 

49 

60 

72 

88 

111 

120 

120 

107 

Number  of  Grants 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

One 

43 

53 

62 

61 

74 

83 

86 

79 

Two 

3 

2 

4 

6 

9 

7 

5 

9 

Three 

0 

0 

0 

0 

1 

1 

1 

1 

Total 

46 

55 

66 

67 

84 

91 

92 

89 

TABLE  2.  Number  of  Principal  Investigators  with  One  or  More  NEI  R01  Cataract  Grants. 


RECENT 
ACCOMPLISHMENTS 

The  Normal  Lens 

The  lens  is  a  transparent,  avascular  structure  sus- 
pended from  the  ciliary  body  by  a  number  of 
zonules  which  are  cord-like  fibers.  It  is  encased  in  a 
capsule,  a  semipermeable  membrane  which  permits 
water  and  electrolytes  to  enter.  Nucleated  lens  cells 
are  found  in  a  single  layer  beneath  the  anterior  lens 
capsule  only,  while  posteriorly  the  lens  fibers  fill  the 
lens  vesicle  and  lose  their  nuclei.  Older  fibers 
become  heavier  and  less  elastic. 

During  the  past  few  years,  significant  progress 
has  been  made  in  understanding  the  normal  lens.  As 
a  result  of  a  major  scientific  effort  over  the  past 
decade  and  a  half  to  understand  the  cell  biology, 
molecular  biology,  and  biophysical  properties  of  the 
lens,  new  knowledge  concerning  embryological  lens 
induction  and  differentiation  has  been  gained,  in- 
cluding an  assessment  of  some  of  the  factors 
involved  in  cell  elongation  and  epithelial  cell  and 
fiber   cell    differentiation   in    vivo   and    in    culture. 


Numerous  experiments  have  indicated  the  impor- 
tance of  hormones  and  growth  factors  in  the  control 
of  cell  division  in  the  lens  epithelium. 

Appreciable  advances  have  been  made  in  the  area 
of  crystalline  lens  structures,  and  molecular  studies 
on  crystalline  lens  genes  have  been  initiated.  The 
latter  include  cloning  of  crystallin  DNAs  in  bacte- 
ria, which  holds  promise  for  further  elucidation  of 
protein  heterogeneity  and  gene  activiy  in  the  lens. 
The  role  of  lens  protein  in  the  loss  of  transparency 
has  received  considerable  attention.  Anatomical 
techniques  such  as  scanning  and  transmission  elec- 
tron microscopy  and  freeze-fracturing  have  yielded 
a  better  view  of  the  morphology  of  lens  fibers. 
Considerable  progress  has  been  made  in  understand- 
ing the  chemistry  and  morphology  of  the  lens 
cytoskeleton  and  gap  junctions.  Transport  studies 
have  delineated  the  properties  of  lens  sodium  and 
calcium  pumps  and  have  shown  asymmetries  in  the 
distribution  of  permeability  to  various  organic  and 
inorganic  substances.  Extensive  research  has  contin- 
ued in  lipid  and  carbohydrate  metabolism,  and  a 
more  unified  view  of  lens  metabolism  is  emerging. 


Summary 


Epidemiology  of  Cataract 

In  the  past  few  years,  important  progress  has  been 
made  in  measuring  the  extent  of  the  cataract 
problem  in  the  general  population.  The  results  of 
The  Framingham  Eye  Study  suggest  that  more  than 
20  million  people  in  the  United  States  have  lens 
opacities,  and  that  in  one-third  of  these 
people — about  7  million — the  opacity  causes  re- 
duced visual  acuity. 7  This  problem  was  found  to  be 
most  significant  in  the  aging  population:  28.5  per- 
cent of  persons  65  to  74  years  of  age  had  lens 
opacities  with  visual  acuity  limitations,  and  this 
prevalence  was  even  higher  in  older  age  groups. 

Epidemiologic  studies  have  confirmed  the  associ- 
ation of  cataracts  with  several  factors  that  may  play 
a  role  in  their  causes.  In  one  study,  the  prevalence 
of  cataracts  was  higher  in  diabetics  under  65  years 
of  age  than  in  nondiabetics,  suggesting  an  increased 
risk  of  cataracts  among  diabetics  in  this  age  range. 
Other  studies  have  shown  evidence  of  an  association 
between  the  prevalence  of  cataracts  and  amount  of 
sunlight  in  different  geographic  areas.  These  find- 
ings support  the  hypothesis  that  sunlight  exposure 
may  be  related  to  cataract  pathogenesis. 

Advances  have  been  made  in  developing  methods 
of  classifying  cataracts.  The  importance  of  separate- 
ly analyzing  nuclear  and  cortical  types  of  cataracts 
has  also  been  recognized. 

Senile  Cataract 

Research  on  senile  cataract  has  been  facilitated  by 
establishment  of  a  Cooperative  Cataract  Research 
Group  (CCRG),  development  of  a  camera  suitable 
for  objective  documentation  of  certain  types  of 
cataractous  change,  and  advances  in  lens  biochemis- 
try. 

No  single  laboratory  is  capable  of  mounting  a 
comprehensive  research  program  on  human  cata- 
ract. However,  a  consortium  can  join  the  strengths 
of  individual  laboratories  to  make  an  impressively 
strong  and  comprehensive  effort  to  find  the  causes 
and  pathogenesis  of  cataract.  The  CCRG  is  such  a 
consortium  open  to  all  scientists  interested  in  human 
cataract  research.  In  FY  1981,  it  included  investiga- 
tors in  22  research  laboratories  throughout  the 
United  States,  which  pooled  scarce  material  and 
personnel.  The  initial  goals  of  the  program  were  to: 
(1)  increase  the  availability  of  cataractous  and 
normal  human  lenses  for  study,  (2)  establish  a 
cataract  classification  center  for  the  standardized 
recording  and  classification  of  cataractous  change, 
(3)  establish  a  data  bank  for  management  and 
analysis  of  data  derived  from  the  study  of  the 
human  lens,  and  (4)  foster  collaborative  research 
among  all  American  scientists  interested  in  the 
lens. I2 


The  CCRG  has  been  quite  successful  in  stimulat- 
ing numerous  spontaneous  scientific  collaborations. 
Not  only  are  university-based  lens  scientists  work- 
ing together,  they  are  collaborating  with  scientists 
from  the  pharmaceutical  industry  and  ophthalmol- 
ogists in  both  community  and  teaching  hospitals.  So 
appealing  has  been  the  idea  of  collaborative  re- 
search on  human  cataractogenesis  that  American, 
European,  and  Japanese  scientists  are  exploring 
opportunities  for  international  collaboration.  This 
may  be  of  enormous  significance  to  many  Asian 
countries  in  which  cataract  is  a  much  greater 
problem  than  it  is  in  the  United  States. 

Specific  accomplishments  of  the  CCRG  have 
been: 

■  Reversal  of  the  universal  custom  of  discarding 
extracted  cataractous  human  lenses  after  a  curso- 
ry pathological  examination.  Now,  in  several 
centers,  each  cataract  extracted  is  entered  into  an 
experimental  protocol.  In  the  past  year,  more 
than  3,000  lenses  have  been  studied. 

■  Development  and  implementation  of  a  satisfac- 
tory system  of  photographing  and  classifying 
cataractous  lenses.  Approximately  3,000  lenses 
have  been  classified,  resulting  in  a  method  of 
characterizing  cataractous  change  in  different 
populations  (for  example,  diabetic  compared  with 
nondiabetic,  male  compared  with  female); 10  rec- 
ognizable associations  among  zones  of  catarac- 
tous change;  n  methods  of  analyzing  data  derived 
from  classified  cataractous  lenses;  and  recogni- 
tion of  the  gross  and  microscopic  anatomical 
features   of  each   type   of  cataractous   change. 

■  Establishment  of  biochemical  and  biophysical 
profiles  of  certain  types  of  cataractous  change.  n 

■  Development  of  systems  of  in  vivo  cataract 
classification,  which  might  be  used  to  quantify 
cataractous  change  occurring  either  spontaneous- 
ly or  under  the  influence  of  an  anticataract  drug. 

■  Characterization  of  sulfur  oxidation  in  human 
nuclear  and  cortical  cataracts. 

There  has  been  unequivocal  demonstration  that 
the  cataractous  lens  has  suffered  severe  oxidative 
damage,  with  the  resultant  formation  of  high  molec- 
ular weight  proteins  linked  by  disulfide  bonds  and 
cross-linked  by  other  covalent  bonds.  Furthermore, 
the  plasma  membrane  of  the  fiber  cell  appears  to  be 
the  initial  site  of  oxidation,  followed  by  oxidation  of 
both  cytoskeletal  and  soluble  cytoplasmic  protein. 
Gamma-crystallin  and  a  43,000  dalton  extrinsic 
membrane  polypeptide  have  been  specifically  impli- 
cated as  proteins  that  become  linked  to  the  mem- 
brane through  disulfide  bonds.  The  characterization 
of  the  high  molecular  weight  aggregates  that  are  the 
potential  light-scattering  elements  is  being  actively 
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pursued.  Anthranilic  acid,  beta-carbolines,  and  kyn- 
urenines  have  been  identified  in  the  lens  insoluble 
protein  as  possible  nondisulfide  cross-linking  agents. 

The  morphology  and  protein  and  lipid  composi- 
tion of  the  plasma  membrane  of  the  human  normal 
and  cataractous  lens  are  being  intensively  investigat- 
ed. The  membrane  consists  qf  many  gap  junctions  of 
the  noncrystallin  type,  and  its  major  protein  com- 
prises two  polypeptides  of  26,000  and  22,000  dal- 
tons,  respectively.  The  22,000  dalton  polypeptide  is 
probably  an  age-dependent,  post-translational  de- 
rivative of  the  26,000  dalton  protein.  Increasing 
attention  is  being  directed  to  the  role  of  lipids  in  the 
structure   and   function   of  the   plasma   membrane. 

Knowledge  of  the  antioxidants  of  the  lens  has 
been  greatly  expanded,  as  has  understanding  of  the 
theoretical  basis  for  the  effect  of  ultraviolet  light  as 
an  initiator  of  oxidative  damage. 

Diabetic  and  Metabolic  Cataract 

Elucidation  of  the  initiating  factors  in  diabetic  and 
other  sugar  cataracts  is  a  major  accomplishment  in 
cataract  research.  The  development  of  several 
potent  inhibitors  of  the  enzyme  aldose  reductase, 
which  triggers  the  formation  of  diabetic  and  galac- 
tose cataracts,  has  made  it  possible  to  prevent  or 
delay  these  cataracts  in  animals  and  has  set  the  stage 
for  clinical  trials  in  diabetic  patients.  This  research 
also  has  relevance  to  studies  of  other  ocular  disor- 
ders, especially  diabetic  retinopathy,  a  major  com- 
plication of  diabetes  mellitus  (see  Volume  Two,  Part 
One,  Report  of  the  Retinal  and  Choroidal  Diseases 
Panel)  and  diabetic  neuropathy  and  nephropathy. 
Although  the  role  of  aldose  reductase  in  these 
human  diabetic  complications  is  still  being  investi- 
gated, recent  studies  have  shown  that  sorbitol 
production  and  the  resultant  lens  swelling  are 
delayed  in  in  vitro  cultured  human  lenses. 

Among  some  of  the  other  significant  accomplish- 
ments in  diabetic  and  metabolic  cataracts  during  the 
last  five  years  are  basic  studies  of  the  polyol 
pathway  enzymes,  characterization  of  aldose  reduc- 
tase from  different  tissues  and  their  differential 
susceptibility  to  chemical  inhibitors,  discovery  of 
the  role  of  aldose  reductase  in  delaying  reepitheliza- 
tion  of  cornea  in  diabetic  patients,  and  an  under- 
standing of  the  molecular  mechanisms  of  protein 
synthesis  in  osmotic  cataracts  in  diabetic,  galactose, 
and  certain  genetic  cataracts. 

Nongenetic  Congenital  and  Genetic 
Cataracts  and  Dislocated  Lenses 

Several  genetic  cataract  animal  models,  primarily  in 
mice,  have  recently  been  identified.  Morphological 
and  biochemical  studies  of  these  models  have  led  to 
the  identification  of  the  underlying  defects  in  ion 


transport  in  the  lens.  The  success  in  growing  cell 
lines  of  Nakano  mouse  epithelium  in  tissue  culture 
has  contributed  directly  to  the  isolation  and  charac- 
terization of  the  inhibitory  factor  in  this  genetic 
cataract  model. 

These  animal  models  will  make  possible  detailed 
genetic  and  molecular  biological  studies  to  deter- 
mine the  basis  for  genetic  cataracts.  Embryological 
studies  will  provide  an  understanding  of  the  devel- 
opmental aspects  of  normal  lens  growth,  and  thus 
aid  in  furthering  knowledge  of  the  possible  reasons 
for  congenital  cataracts,  as  well  as  the  cellular  and 
molecular  genetic  aspects  of  the  lens. 

Tissue  culture  of  normal  and  cataractous  lens 
cells  from  mouse,  rat,  chicken,  frog,  and  rabbit  has 
contributed  importantly  to  cataract  research.  With 
the  gradual  improvement  of  techniques  for  culturing 
animal  cells,  the  ability  to  culture  human  lens  cells 
should  be  possible.  This  would  be  an  important  step 
toward  better  understanding  genetic  cataracts  in 
humans. 

In  the  study  of  dislocated  lenses,  considerable 
progress  has  been  made  in  revealing  the  ultrastruc- 
tural  morphology  of  the  human  zonule  and  the 
biochemical  characteristics  of  zonular  protein. 
Many  animal  models  have  been  used  to  study 
developmental  abnormalities  of  the  lens. 

Cataract  Induced  by  Environmental  and 
Toxic  Effects 

Studies  during  the  past  five  years  have  provided 
evidence  that  x-ray-induced  cataract  is  a  useful 
model  for  investigating  the  ability  of  the  lens  to 
repair  damage  to  its  DNA.  Many  recent  studies 
show  that  ultraviolet  light  can  be  damaging  to  the 
lens.  These  studies  suggest  that  tryptophan  serves  as 
a  central  target  for  ultraviolet  effects  on  the  lens.  In 
addition,  epidemiological  studies  support  the  theory 
that  persons  who  are  exposed  to  higher  ambient 
ultraviolet  and  sunlight  levels  show  higher  inci- 
dence of  cataract. 

Heating  seems  to  play  a  major  role  in  producing 
cataract  when  lenses  are  exposed  to  microwave 
radiation.  No  evidence  was  found  for  cataract 
induction  by  microwave  fields  of  less  than  10mW/ 
Cm.  13  However,  the  possibility  cannot  be  ignored 
that  relatively  low  levels  of  microwave  radiation 
may  be  harmful,  as  shown  by  experimental  studies 
in  thermoacoustic  expansion  in  vitro.  Not  much 
progress  has  been  made  in  the  field  of  drug-related 
lens  toxicity.  A  major  difficulty  in  studying  drug 
effects  has  been  the  documentation  and/or  repro- 
ducibility of  the  cataract  grading  system.  Recent 
major  accomplishments  include  the  development  of 
methods  for  objective  monitoring  of  lens  changes. 


Summary 


Treatment  of  Cataract  and  Correction  of 
Aphakia 

Although  no  medical  treatment  of  cataract  has 
proved  effective,  advances  in  the  surgical  treatment 
of  cataract  and  correction  of  aphakia  have  been 
remarkable.  Surgical  techniques  have  greatly  im- 
proved, making  cataract  surgery  safer,  with  fewer 
complications.  Microsurgical  instrumentation  and 
operating  microscopes  are  now  used  routinely 
during  cataract  surgery.  Adjuncts  to  cataract  sur- 
gery have  been  introduced  to  decrease  the  possible 
damage  to  the  cornea  during  surgery  and  reduce  the 
incidence  of  inflammation  following  cataract  sur- 
gery. The  evolution  of  better  hard  and  soft  daily- 
wear  contact  lenses,  extended-wear  contact  lenses, 
and  a  wide  variety  of  intraocular  lens  implants  has 
improved  the  outlook  for  correction  of  aphakia 
following  cataract  extraction.  Still,  significant  prob- 
lems remain.  It  should  be  emphasized  that  none  of 
the  new  methods  for  correcting  aphakia  is  risk-free. 
Also,  certain  surgical  approaches  may  be  more 
dangerous  than  others,  and  a  higher  incidence  of 
long-term  complications  may  result  from  some 
methods  designed  to  correct  aphakia. 

In  coming  years,  the  relative  risks  and  benefits  of 
each  surgical  method  should  be  determined  and 
compared  with  emerging  medical  and  preventive 
techniques.  As  risks  and  benefits  are  defined  and 
patient  attitudes  to  each  therapeutic  option  are 
delineated,  it  should  be  possible  to  choose  a  prefer- 
able treatment  for  the  individual  cataract  patient 
and  avoid  those  that  might  prove  less  effective  and 
desirable.  Rather  than  becoming  simpler,  the  treat- 
ment of  cataract  is  likely  to  become  increasingly 
complex. 


RESEARCH  NEEDS  AND 
OPPORTUNITIES 


available.  Cultures  from  animal  tissues  are  continu- 
ous, but  in  human  tissue  cultures,  lens  epithelium 
will  grow  for  only  a  few  passages.  The  fields  of 
molecular  biology  and  studies  of  lens  chromosomes 
and  nucleic  acids  have  yielded  important  informa- 
tion, and  research  in  these  fields  should  be  expand- 
ed. Structure  and  function  studies  of  the  lens  that 
merit  further  investigation  include  the  composition, 
distribution,  and  metabolism  of  lens  proteins,  carbo- 
hydrates, and  lipids;  the  nature  of  lens  transport 
processes;  the  composition  and  structure  of  the 
cytoskeleton  and  cell  membrane;  and  the  biochemi- 
cal and  biophysical  properties  of  lens  proteins.  The 
changes  in  the  lens  that  accompany  aging — physical, 
physiological,  and  biochemical — must  also  be  further 
studied. 

Epidemiology  of  Cataract 

Cataract  epidemiology  studies  are  impeded  by  the 
absence  of  standardized  measurement  methods,  and 
instruments  used  by  different  investigators  do  not 
produce  reproducible  results.  Thus,  better  method- 
ology and  instrumentation  and  means  of  testing 
them  are  essential.  Available  data  on  cataract 
incidence  and  prevalence  are  limited,  and  longitudi- 
nal studies  are  expensive  and  difficult  to  implement. 
Perhaps  cataract  studies  could  be  done  in  conjunc- 
tion with  other  population  surveys.  Identification  of 
risk  factors  for  cataract  may  lead  to  delaying  or 
preventing  their  onset.  Some  risk  factors  currently 
under  examination  include  ultraviolet  light,  ionizing 
radiation,  radiofrequency  and  microwave  radiation, 
toxic  drugs  and  chemicals,  diabetes,  elevated  blood 
pressure,  family  history,  and  biochemical  variables. 
Clinical  trials  are  needed  to  investigate  the  various 
methods  of  cataract  management,  including  infor- 
mation on  the  cost-effectiveness  of  various  treat- 
ments. Cataract  researchers  must  be  trained  in 
epidemiology,  and  interaction  between  epidemiolo- 
gists and  cataract  researchers  must  be  stimulated. 


Three  problems  which  pertain  to  all  the  Cataract 
subprograms  are  the  inadequate  supply  of  human 
lens  tissue  for  research  studies,  the  lack  of  a 
uniformly  accepted  definition  of  cataract,  and  the 
need  for  trained  investigators. 

The  Normal  Lens 

The  most  prevalent  human  cataract  is  related  to 
aging,  and  the  changes  in  the  lens  that  accompany 
the  aging  process  must  be  further  investigated 
utilizing  morphological,  biochemical,  physiological, 
cell  biological,  and  physicochemical  techniques. 
There  is  a  particular  need  for  improved  techniques, 
especially  quantitative  ones.  An  in  vitro  system  for 
culturing  lens  and   lens  epithelial  cells  is  not  yet 


Senile  Cataract 

Senile  cataract  is  the  most  prevalent  form  of 
cataract  and  much  remains  to  be  learned  about  its 
natural  history  and  the  risk  factors  for  its  develop- 
ment. Some  avenues  which  could  be  pursued 
include  assessment  of  nutritional  status  and  its 
relationship  to  cataract  development.  A  long-term 
culture  system  should  be  developed,  but,  again,  this 
will  require  an  increased  supply  of  human  normal 
and  cataractous  lenses.  A  suitable  animal  model  of 
senile  cataract  has  yet  to  be  developed,  but  it  could 
have  great  usefulness  for  testing  therapeutic  agents. 
Such  models  might  also  be  used  to  study  the 
relationship  between  oxidants  and  cataract  forma- 
tion and  the  endogenous  mechanisms  that  normally 
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protect  the  lens  against  photocatalytic  peroxidative 
and  oxidative  processes. 

Diabetic  and  Metabolic  Cataract 

The  role  of  aldose  reductase  in  the  formation  of 
sugar  cataracts  merits  further  study.  In  vivo  meas- 
urements of  lens  swelling  (volume  changes)  must  be 
correlated  with  fluctuations  in  blood  sugar  levels. 
Transient  and  sudden  changes  in  vision  are  thought 
to  be  associated  with  elevated  blood  sugar  levels 
and,  if  this  is  the  case,  such  changes  in  vision  may 
provide  a  means  of  testing  the  efficacy  of  aldose 
reductase  inhibitors  in  human  diabetics.  New  aldose 
reductase  inhibitors  for  all  target  tissues  must  be 
designed  as  should  effective  methods  of  their  admin- 
istration. The  toxicology  of  aldose  reductase  inhibi- 
tors must  also  be  determined,  which  will  involve 
long-term  study.  Appropriate  animal  models  of 
diabetic  cataracts  would  be  very  useful  in  studying 
the  etiology  of  diabetic  and  metabolic  cataract, 
including  their  association  with  enzyme  deficiencies 
in  red  blood  cells. 

Nongenetic  Congenital  and  Genetic 
Cataracts  and  Dislocated  Lenses 

To  understand  better  the  nature  of  genetic  cataracts, 
more  research  is  needed  on  inheritance,  natural 
history,  and  chromosomal  linkages  of  different  types 
of  cataract.  Family  studies  are  particularly  valuable 
in  this  area,  including  longitudinal  studies  of 
common  genetic  cataract  groups  in  searching  for 
similar  structural  abnormalities.  Cultures  of  human 
lens  epithelial  and  fiber  cells,  biochemical  studies  of 
crystallins  from  normal  and  cataractous  lenses,  and 
the  development  of  animal  models  of  genetic  cata- 
racts are  areas  of  particular  need. 

In  attempts  to  understand  the  nature  of  lens 
dislocation,  certain  research  opportunities  offer  par- 
ticular promise,  including  completion  of  the  bio- 
chemical characterization  of  the  zonular  protein 
molecule  or  molecules,  an  area  which  has  wider 
implications  for  connective  tissue  studies  in  general. 
If  the  zonular  protein  can  be  characterized  bio- 
chemically, an  understanding  of  the  effect  of  genetic 
disease  on  the  zonule  may  be  gained.  Dislocated 
lenses  should  be  studied  in  vitro,  searching  for 
metabolic  defects,  particularly  in  sulfur  metabolism. 
There  are  known  animal  models  of  lens  dislocation 
and  these  need  to  be  fully  exploited. 

Cataract  Induced  by  Environmental  and 
Toxic  Effects 

X-ray-induced  cataract  models  should  be  used  in 
studies  of  human  senile  cataract,  particularly  the 
factors  that  initiate  the  aggregation  of  lens  protein 


following  x-ray  exposure.  The  long-term  effects  of 
low  doses  of  ionizing  radiation  on  the  lens  are 
important  to  determine  in  light  of  its  major  use  as  a 
diagnostic  tool.  It  may  be  possible  to  identify  which 
lens  cells  are  responsible  for  eventual  cataract 
formation  if  techniques  can  be  used  to  identify  and 
monitor  these  cells.  The  minimum  dose  required  to 
produce  cataracts  must  be  determined  and  risk 
analysis  for  human  exposure  made.  More  research  is 
needed  on  the  effects  of  ultraviolet  radiation  on  the 
lens,  perhaps  involving  studies  of  populations  at  the 
extremes  of  exposure  to  sunlight  irradiation.  Wheth- 
er photosensitization  can  cause  cataracts  has  yet  to 
be  determined;  thus,  the  effect  of  photosensitizing 
drugs  on  the  lens  remains  an  important  area  for 
research.  Another  research  need  is  study  of  the 
effect  of  extracting  nuclear  sclerotic  cataracts  there- 
by eliminating  the  yellow  filter  present  in  these 
opacities  that  keeps  potentially  harmful  radiant 
energy  from  reaching  the  vitreous  humor  and 
retina.  If  some  drugs  were  found  to  be  photosensi- 
tizers,  this  would  increase  the  hazard  to  the  macula 
of  aphakic  patients.  The  effects  of  microwave  and 
radiofrequency  radiation  on  the  lens  merits  particu- 
lar study,  as  well  as  the  mechanism  by  which 
vitamin  E  and  other  antioxidants  may  provide 
protection  against  or  reversal  of  cataractous  damage 
from  such  heat  sources.  Lens  structure  may  be 
disrupted  by  some  commonly  used  drugs,  but  this 
has  yet  to  be  conclusively  proved.  Promising  areas 
of  research  include  the  search  for  possible  genetic 
markers  for  increased  susceptibility  to  or  protection 
from  such  drugs.  This  would  require  family  studies. 

Treatment  of  Cataract  and  Correction  of 
Aphakia 

The  ultimate  objective  in  lens  research  is  to  prevent 
the  formation  of  cataract.  Until  that  objective  is 
realized,  the  need  for  cataract  surgery  will  still  be 
present,  and  improved  surgical  techniques  for  cata- 
ract removal  and  methods  for  correction  of  aphakia 
are  necessary.  Clinical  studies  are  needed  to  com- 
pare the  various  surgical  approaches,  including  the 
risks  associated  with  them,  as  well  as  the  use  of 
intraocular  lenses  or  extended-wear  contact  lenses. 
Improved  intraocular  lens  materials  or  coatings  are 
needed,  and  animal  models  should  be  used  for  such 
studies.  Medical  treatment  of  cataract  is  a  virtually 
unexplored  but  promising  field  of  research.  Visual 
function  in  children  is  of  critical  importance,  and 
investigations  of  such  should  be  done  in  children 
with  cataract,  before  and  after  surgery,  to  find 
better  methods  of  correcting  aphakia  and  prevent- 
ing amblyopia. 


Summary 


RESEARCH  TRAINING 
NEEDS 


An  overriding  need  in  all  of  the  Cataract  subpro- 
grams is  more  physicians  in  basic  and  clinical  lens 
research.  At  present,  a  large  majority  of  the 
principal  investigators  supported  by  NEI-funded 
cataract  grants  have  a  Ph.D.  In  contrast,  the 
Japanese  research  program  on  cataract  abounds 
with  M.D.s.  The  reasons  for  the  paucity  of  M.D.s  in 
American  cataract  research  are  not  entirely  clear.  In 
general,  fellowship  payback  requirements,  relatively 
low  stipends,  and  numerous  other  factors  discour- 
age a  physician  from  considering  a  research  career. 
Cataract  research  seems  to  be  particularly  affected. 
Although  the  Department  of  Health  and  Human 
Services  has  recently  acted  to  remove  some  of  these 
discouraging  factors,  other  mechanisms  are  needed 
for  making  research  training  more  attractive  to  both 
M.D.s  and  Ph.D.s. 

The  individual  research  fellowship,  which  empha- 
sizes training  of  junior  scientists,  remains  an  excel- 
lent mechanism  for  attracting  new  talent  to  a 
research  environment.  The  Senior  Postdoctoral 
Fellowship  (F33)  award  is  a  new  mechanism  that 
may  serve  to  attract  more  senior  researchers  to  lens 
research  (see  Volume  One,  The  1983  Report  of  the 
National  Advisory  Eye  Council,  p.  62).  Such  training 
programs  are  flexible,  quickly  responsive,  and  cer- 
tainly conducive  to  creative  scientific  achievement. 
This  type  of  support  has  many  characteristics 
deemed  essential  for  the  speedy  development  of 
research  in  an  area  of  high  priority  but  few  research 
personnel. 

A  drawback  to  this  type  of  training  within  the 
lens  research  community  is  the  lack  of  one  institu- 
tion (in  the  traditional  sense  of  the  word)  capable  of 
sponsoring  training  in  several  independent  but  com- 
plementary research  areas.  However,  if  some  lati- 
tude were  granted  in  the  interpretation  of  the  term 
"institution,"  a  real  opportunity  exists.  The  CCRG 
consortium  is  in  many  respects  an  institution  of 
scientists  existing  without  the  confines  of  any  one 
building  or  traditional  "institution  of  higher  learn- 
ing." The  consortium  could  be  an  excellent  mecha- 
nism for  recruiting,  training,  and,  for  some  time, 
sustaining  both  senior  and  junior  scientists  interested 
in  lens/cataract  research.  Its  principal  strengths  are 
the  ability  to  (1)  establish  a  direct  association 
between  a  new  scientist  and  his  or  her  peers  in  the 
lens  research  community,  (2)  actively  recruit  scien- 
tists for  specific  high  priority  research  areas,  (3) 
utilize  senior  scientists  in  the  lens  community  to 
guide  recruitment  and  training,  and  (4)  utilize  the 
training  capabilities  of  several  laboratories  within 
the  consortium,  thereby  maximizing  the  training 
opportunities   available   to   any   individual    trainee. 


There  are  many  other  advantages  to  such  an 
approach  and  no  major  disadvantages.  Any  scientist 
would  be  eligible  to  apply  for  support  under  this 
program.  The  recruiting  and  training  activities 
would  become  part  of  the  CCRG  consortium 
program  and  thereby  subject  to  annual  peer  review 
by  NIH.  Although  this  is  not  a  novel  interpretation 
of  the  scope  of  institutional  training  grants,  or  even 
individual  fellowships,  it  is  timely  and  should  be 
explored  with  members  of  the  CCRG  consortium 
and  NEI  staff. 


SUMMARY  OF  1983-1987 

RECOMMENDED 

PROGRAM 

DEVELOPMENT 

PRIORITIES 

The  Panel's  specific  recommendations  for  priority 
areas  within  each  subprogram  are  included  in  the 
respective  chapters  of  this  volume.  These  recom- 
mendations should  serve  as  a  guide  and  are  not 
intended  to  stifle  innovative  projects  that  offer 
promise  of  important  breakthroughs  for  the  preven- 
tion and  cure  of  cataract.  They  are  based  on  an 
assessment  by  the  Panel  members  and  their  consul- 
tants of  the  current  state  of  knowledge  of  the  areas 
most  likely  to  yield  significant  information  relating 
to  the  goals  of  the  overall  program.  In  summary,  the 
Panel  recommends  the  following  areas  of  research 
for  emphasis  over  the  next  five  years: 

■  Determining  through  epidemiologic  studies  fac- 
tors that  increase  the  risk  of  developing  cataract. 

■  Studying  the  molecular  biology  of  the  normal 
lens  and  cataract,  with  emphasis  on  gene  analysis 
and  the  structure  and  metabolism  of  nucleic 
acids. 

■  Developing  an  objective  system  for  classifying 
cataracts  in  the  living  eye  as  a  standard  for 
research  on  cataract  prevention  and  treatment. 

■  Studying  the  biochemical  and  biophysical  prop- 
erties of  lens  crystallins,  particularly  with  regard 
to  transparency,  and  the  structure  and  function  of 
the  cytoskeleton,  those  protein  elements  that  help 
the  lens  maintain  its  shape. 

■  Studying  the  potentially  cataract-inducing  effects 
of  low  doses  of  ionizing  and  microwave  radi- 
ation, and  the  effects  of  environmental  ultraviolet 
radiation  on  the  lens. 

■  Comparing  the  results  of  various  methods  of 
cataract  surgery  and  employing  controlled  clini- 
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cal  trials  to  determine  the  safety  and  efficacy  of 
various  methods  of  optical  correction  following 
cataract  removal,  including  intraocular  lenses, 
contact  lenses,  and  surgical  modification  of  cor- 
neal curvature. 

Conducting  further  studies  of  the  characteristics 
of  the  enzyme  aldose  reductase  and  developing 
safer  and  more  effective  aldose,  reductase  inhibi- 
tors to  delay  diabetic  cataract  formation. 


IMPLEMENTATION  OF 
THE  PLAN 

The  individual,  investigator-initiated,  NIH  research 
project  grant  continues  to  be  the  National  Eye 
Institute's  predominant  and  highest  priority  funding 
mechanism.  Therefore,  the  successful  implementa- 
tion of  the  recommendations  of  the  Cataract  Panel, 


as  well  as  those  of  the  other  Panels  that  have 
contributed  to  Vision  Research — A  National  Plan: 
1983-1987,  will  depend  largely  upon  investigators 
submitting  grant  applications  for  research  in  the 
scientific  areas  the  Panel  has  identified  for  emphasis. 
Because  scientific  merit,  as  evaluated  by  the  tradi- 
tional NIH  peer  review  system,  will  continue  to  be 
the  principal  determinant  of  which  approved  grant 
proposals  the  NEI  will  fund,  those  approved  appli- 
cations having  the  best  "priority"  scores  assigned  by 
NIH  initial  review  groups  will  be  funded.  Applica- 
tions with  mid-range  scores  will  be  paid  as  funds  are 
available;  however,  some  may  be  specifically  desig- 
nated by  the  Council  as  having  "High  Program 
Relevance"  (that  is,  fulfilling  one  of  the  Plan's 
recommendations,  especially  in  an  area  of  research 
considered  to  be  underfunded),  and  are  recommend- 
ed for  placement  in  a  more  favorable  position  for 
funding.  Applications  with  poorer  scores  will  not  be 
funded — even  if  they  propose  research  on  a  topic 
the  Panel  has  judged  to  be  in  need  of  additional  or 
new  support  (Chart). 
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CHART.  National  Eye  Institute  Program  Planning  System.  Both  the  NIH 
scientific  merit  priority  scores  and  the  program  priorities  established  in  the 
National  Plan  help  determine  which  grant  applications  NEI  will  fund.  All 
applications  with  high  scientific  merit  priority  scores  are  funded  regardless  of 
their  relevance  to  program  priorities.  Some  applications  with  mid-range 
scores  and  judged  to  be  highly  relevant  to  program  priorities  are  singled  out 
and  placed  in  a  better  funding  position  than  they  would  have  been  on  the 
basis  of  the  score  alone. 
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Summary 


By  using  such  a  system,  NEI  supports  scientific 
excellence,  innovation,  and  creativity  while  carry- 
ing out  its  mission  of  supporting  research  aimed  at 
alleviating  blindness  and  visual  disability.  The  Na- 
tional Advisory  Eye  Council  will  monitor  the 
responses  of  the  research  community  to  the  recom- 
mendations in  the  Plan  as  well  as  new  research 
advances  and  developing  opportunities,  and  recom- 
mend to  the  NEI  staff  on  a  regular  basis  what 
further  implementation  measures  or  changes  in 
program  priorities  may  be  required.  For  further 
discussion  of  the  Plan's  development  and  implemen- 
tation, see  Volume  One,  The  1983  Report  of  the 
National  Advisory  Eye  Council. 


RESOURCE 
REQUIREMENTS 

The  following  table  presents  a  summary  of  the 
Panel's  estimates  of  the  number  of  grants  necessary 
to  carry  out  its  recommendations  for  each  of  the 
Cataract  subprograms  in  FY  1983.  The  actual 
number  and  cost  of  grants  funded  in  each  subpro- 
gram in  FY  1981  (the  base  year  of  the  Plan)  are 
shown  in  the  first  column.  The  second  column 
indicates  the  number  of  additional  (or  fewer)  grants 
the  Panel  believes  should  be  funded  in  each  subpro- 
gram through  the  end  of  FY  1983,  based  on  an 
analysis  of  current  research  and  of  future  needs  and 
opportunities.  The  total  number  of  grants  for  FY 
1983  for  each  subprogram  indicated  in  the  third 
column  is  the  estimated  sum  of  new  and  continuing 
awards  to  be  made  in  that  year  along  with  an 
estimate  of  their  cost. 

For  example,  the  first  line  of  the  table  shows  that 
31  grants  were  actually  awarded  in  FY  1981  for 
studies  of  The  Normal  Lens.  Because  about  one- 
third  of  all  NEI  grants  terminate  in  any  given  year, 
in  making  its  estimates  for  1983  the  Panel  assumed 
that  about  10  of  the  31  projects  funded  in  FY  1981 
would  terminate  in  that  year,  thereby  making  funds 
available  for  new  or  renewal  grants  in  this  subpro- 
gram in  1982  and  that  another  10  or  11  would 
terminate  in  that  year.  The  Panel  then  judged  that 
an  additional  7  grants  would  be  required  by  1983  to 
meet  its  recommendations  in  this  subprogram. 
Therefore,  of  the  total  of  38  projected  awards  in  this 
subprogram  for  FY  1983,  approximately  10  would 
be  ongoing  and  28  would  be  new  or  renewal  awards 
to  be  funded  during  FY  1982  and  FY  1983.  Thus, 
even  in  those  subprograms  for  which  the  Panel 
projected  only  a  few  or  no  additional  grants  by  FY 
1983,  the  potential  still  exists  for  awarding  new 
research  projects  in  areas  indicated  for  emphasis. 


The  actual  number  of  grants  funded  in  these  areas 
may  of  course  be  either  more  or  less  than  these 
projections  indicate,  depending  on  the  quality,  kind, 
number,  and  costs  of  the  grant  applications  NEI 
receives  and  the  actual  availability  of  funds.  Con- 
cerning funding,  it  must  be  emphasized  that  the  six 
Panels'  dollar  estimates  for  FY  1983  do  not  neces- 
sarily indicate  what  the  actual  National  Eye  Insti- 
tute extramural  research  budget  will  be  for  that 
year.  However,  because  the  Panels'  estimates  are 
based  upon  detailed  documentation  of  projected 
research  needs  and  costs,  it  is  hoped  that  those  in 
the  Executive  and  Legislative  branches  of  the 
Government  who  make  the  final  decisions  concern- 
ing the  NEI  budget  will  use  them  in  making 
informed  judgments  about  the  resources  required 
for  the  support  of  vision  research.  In  making  these 
estimates  the  Panels  took  into  account  the  following 
factors  for  each  category  of  research  considered: 

■  Degree  of  relevance  to  the  program's  goals  and 
objectives 

■  Current    level    of   support    by    NEI    and    other 
organizations 

■  Recent  research  accomplishments 

■  Potential  for  future  development 

■  Availability  of  trained  manpower 

■  Likelihood  of  significant  progress  over  the  next 
three  to  five  years. 

The  Panel  recognizes  that  in  addition  to  scientific 
judgments,  social,  economic,  and  political  consider- 
ations will  shape  the  final  NEI  budget  for  each  year. 
Therefore,  no  attempt  has  been  made  in  this  report 
to  make  detailed  resource  estimates  beyond  FY 
1983,  although  the  Council  has  projected  an  overall 
budget  for  the  NEI  through  FY  1985  {Volume  One). 
The  Panel  understands  that  in  the  future,  the 
Council,  with  the  assistance  of  scientists  knowledge- 
able in  areas  of  research  supported  by  the  NEI,  will 
provide  more  detailed  estimates  for  the  remaining 
years  of  the  Plan  based  on  actual  budgetary  experi- 
ence and  ongoing  analyses  of  research  progress.  In 
this  way  the  Plan  will  be  modified  as  necessary  on  a 
year-to-year  basis. 

At  the  end  of  each  chapter  in  this  report, 
subprogram  tables  show  how  the  estimates  shown  in 
the  following  summary  table  have  been  derived 
from  estimates  for  each  research  category  included 
in  each  subprogram's  Program  Base  and  Program 
Development  Priorities. 
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SUMMARY 
RESOURCE  TABLE 

(Dollars  in  Thousands) 


FY  1981 


Panel  Recommendation  FY  1983 


Subprograms 


Grants* 
Cost 

Add 

i 

.  Grants 
Cost 

Total  Grants 
Cost** 

31 

$3,145 

(30%) 

7 
$959 

(20%) 

38 
$4,104 

(28%) 

0 
0 

(0%) 

7 
$756 

(20%) 

7 
$756 

(5%) 

24 
$2,158 

(24%) 

9 
$1,406 

(25%) 

33 
$3,564 

(24%) 

19 
$1,417 

(19%) 

4 
$1,067 

(11%) 

23 
$2,484 

(17%) 

6 
$530 

(6%) 

5 
$658 

(13%) 

11 
$1,188 

(8%) 

11 

$986 

(11%) 

0 

$202 

(0%) 

11 
$1,188 

(8%) 

10 

$734 

(10%) 

4 

$778 

(11%) 

14 
$1,512 

(10%) 

101 

$8,970 

(100%) 

36 
$5,826 

(100%) 

137 
$14,796 

(100%) 

1.  The  Normal  Lens 

2.  Epidemiology  of  Cararact 

3.  Senile  Cataract 

4.  Diabetic  and  Metabolic  Cataract 


5.  Nongenetic  Congenital  and  Genetic 
Cataracts  and  Dislocated  Lenses 

6.  Cataract  Induced  by  Environmental  and 
Toxic  Effects 

7.  Treatment  of  Cataract  and 
Correction  of  Aphakia 

Total 


*  Includes  R01,  R10,  R23,  P50,  K04,  and  K07  mechanisms. 
**  Estimated  average  cost  of  grants  in  Cataract  program  for  FY  1983  is  $108,000. 
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1 


THE  NORMAL 
LENS 

INTRODUCTION 


THE  NORMAL  LENS  is  a  transparent,  nonvascu- 
larized  tissue  encapsulated  by  a  collagenous  base- 
ment membrane  and  composed  of  anterior  epithelial 
cells  and  posterior  fiber  cells.  Most  of  the  dry  mass 
of  the  vertebrate  lens  consists  of  immunologically 
distinct  structural  protein  families,  the  alpha,  beta, 
gamma,  and  delta  crystallins.  Delta  crystallin  is 
confined  to  birds  and  reptiles.  The  lens  cells  are 
electrically  coupled  through  numerous  gap  junc- 
tions and  have  transport  properties  that  display  an 
anterior-posterior  polarity.  The  lens  is  exposed  to 
the  aqueous  humor  anteriorly  and  the  vitreous 
humor  posteriorly.  Complex  cytoskeletal  structures 
and  specialized  membrane  proteins  have  been  de- 
scribed recently  in  the  lens  cells,  suggesting  intrinsic 
control  mechanisms  for  the  regulation  and  stability 
of  lens  shape. 

The  objective  of  cataract  research  is  to  cure  or 
prevent  human  lens  opacities.  Detailed  investiga- 
tions of  the  human  lens  are  thus  important.  Howev- 
er, age-dependent  variables,  lack  of  normal  control 
lenses,  and  multiple  types  of  cataracts  are  persistent 
problems  in  human  lens  research.  Therefore,  cata- 
ract research  should  continue  to  use  and  develop  a 
variety  of  animal  models,  both  in  vivo  and  in  tissue 
and  cell  cultures.  These  models  need  not  be  limited 
to  mammals;  research  on  nonmammalian  lenses  may 
provide  important  leads  to  understanding  human 
cataracts.  For  example,  experiments  with  frogs  have 
indicated  that  aberrant  mitosis  in  the  lens  epithelium 
may  play  a  pivotal  role  in  x-ray  cataracts, '  and 
experiments  with  embryonic  chicken  lenses  have 
suggested  that  changes  in  the  intracellular  concen- 


tration of  electrolytes  may  differentially  reduce 
crystallin  synthesis  in  osmotic  cataracts  in  mam- 
mals. 2 

Study  of  all  aspects  of  the  normal  lens  is  of 
fundamental  importance  for  understanding  cataract, 
a  disorder  which  involves  a  multiplicity  of  factors. 
As  discussed  in  the  following  sections  of  this  report, 
numerous  phenomena  have  been  implicated  in  cata- 
ract formation,  including  hydration,  protein  aggre- 
gation, phase  separation  of  protein-water  mixtures, 
epithelial  cell  hyperplasia,  and  defective  fiber  cell 
differentiation.  Normal  lenses  are  also  uniquely 
suited  to  studies  that  have  relevance  to  other  fields 
of  biomedical  research,  such  as  cell  metabolism,  cell 
communication,  cytoarchitecture,  genetics,  cell  dif- 
ferentiation, and  molecular  biology.  Support  for 
investigations  of  the  normal  lens  should  thus  be 
considered  in  the  context  of  its  potential  influence 
on  research  in  numerous  disciplines.  Examples  of 
cross-cutting  research  areas  of  current  interest  that 
could  be  affected  by  lens  research  include  aging, 
diabetes,  toxicology,  and  genetic  engineering. 


SUBPROGRAM 
OBJECTIVES 


To  understand  the  physiological,  physicochemi- 
cal,  and  biochemical  mechanisms  responsible  for 
lens  transparency. 

To  understand  the  physical  and  chemical  proper- 
ties   of    the    constituents    of    the    normal    lens. 

To  understand  the  mechanisms  that  give  rise  to 
growth,  cell  differentiation,  and  differential  gene 
expression  in  the  lens. 

To  understand  the  anatomical  and  mechanical 
factors  involved  in  lens  deformation. 

To  understand  the  effects  of  cataractogenic 
agents  (drugs  and  other  external  factors),  ocular 
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and  systemic  disorders,  and  aging  on  normal  lens 
structures  and  function. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  31  grants  concerned  with  the  normal 
lens  were  supported  by  the  National  Eye  Institute  at 
a  total  cost  of  $3,145,000.  A  few  related  to  lens 
physiology,  physicochemical  properties,  and  anato- 
my; the  majority  were  for  studies  either  of  cell 
biology  or  biochemistry.  There  is  little  support  for 
normal  lens  research  from  non-NEI  sources. 

A  great  deal  of  research  is  being  done  on  the 
normal  lens,  much  of  it  of  good  quality  and 
encompassing  diverse  approaches.  A  good  knowl- 
edge base  is  being  developed  on  which  further 
research  can  be  built. 

Many  of  the  studies,  however,  use  normal  lenses 
only  as  controls  for  cataract  experiments.  Often, 
these  studies  do  not  include  the  decisive  experi- 
ments that  would  provide  a  better  understanding  of 
how  the  normal  lens  works.  An  understanding  of 
mechanisms  in  the  normal  human  lens  is  very  slow 
in  developing  because  it  is  extremely  difficult  to 
obtain  normal  human  lenses,  including  fetal  lenses. 
This  is  a  major  problem  in  lens  research. 

Current  research  aims  directly  at  fulfilling  the 
stated  subprogram  objectives,  but  in  no  instance  are 
the  objectives  close  to  being  met  completely. 
Further  research  is  imperative  on  each  objective, 
and  additional  funding  is  clearly  needed. 


RECENT 
ACCOMPLISHMENTS 


Lens  Capsule 

The  lens  is  enclosed  by  a  capsule  containing 
principally  collagen,  glycoproteins,  and  proteogly- 
cans.3  Morphological  studies4-9  have  shown  that 
the  capsule  comprises  an  outer  thick  layer  (lamina 
densa),  a  meshwork  of  fine  fibrils,  and  a  thin  inner 
layer  (lamina  lucida)  that  is  adjacent  and  closely 
adherent  to  the  underlying  epithelial  cells. 10  Auto- 
radiographic experiments  performed  a  number  of 
years  ago  in  rats,  u  and  more  recently  in  mice, 12 
indicated  that  capsular  proteins  and  sulfated  muco- 
polysaccharides are  synthesized  by  both  the  epithe- 
lial and  fiber  cells.  Similar  results  have  been 
obtained  in  radioactive  labelling  experiments  on 
cultured  embryonic  chick  lenses. 13  Protein  is  depos- 
ited in  layers  originating  from  the  cell  surface  and  is 


displaced  outward  as  a  band.  By  contrast,  the 
sulfated  mucopolysaccharides  are  rapidly  distribut- 
ed throughout  the  capsule,  except  for  an  increased 
concentration  at  the  site  of  attachment  of  the 
suspensory  ligament.  " 

Morphologically,  the  capsule  shows  both  species- 
and  age-related  differences.  For  example,  the  cap- 
sule of  the  rat  is  homogeneous,  while  that  of  the 
human  is  lamellated  with  numerous  sizable  lacunae. 
The  capsule  is  permeable  to  water  and  many  other 
small  molecules.14"18  Even  horseradish  peroxidase 
(40,000  daltons)  can  pass  through  the  lens  capsule; 
however,  ferritin  (500,000  daltons)  cannot. 19 

The  main  collagen  of  the  lens  capsule  is  Type  IV 
collagen,  which  consists  of  three  alpha  chains 
assembled  into  a  triple  helix. 3  There  is  also  evidence 
for  the  presence  of  a  second  collagen  chain  in  the 
lens  capsule. 20  The  collagen  of  the  capsule  is 
glycosylated  before  it  is  secreted  by  the  lens 
cells.2122  Experiments  on  cultured  lenses  and  lens 
epithelia  of  rats  have  shown  that  the  secreted 
collagen  is  not  degraded  into  lower  molecular 
weight  species23  and  forms  hydroxylysino-5-oxo- 
norleucine  crosslinks. 24  Collagen  in  the  lens  capsule 
of  calves  also  has  hydroxylysino-5-oxonorleucine 
and  dehydrohydroxylysinonorleucine  crosslinks, 
which  decrease  with  age. 24 

Lens  Epithelial  Cells.  Numerous  studies  describ- 
ing the  ultrastructure  of  lens  epithelial  cells  have 
recently  been  reviewed. 25  Zonulae  occludentes  be- 
tween epithelial  cells  are  apparently  uncommon, 
and  thus  it  is  believed  that  small  molecules  are  free 
to  move  between  these  cells  in  most  lenses.26,27 
Many  lateral  interdigitations  between  lens  epithelial 
cells  have  been  visualized  and  thus  the  path  between 
these  cells  is  long  and  tortuous. 10  Gap  junctions 
between  epithelial  cells  have  been  reported, 28,29  and 
recently,  gap  junctions  between  epithelial  cells  and 
the  fibers  have  been  established. 27  Evidence  for 
physiological  communication  between  epithelial 
cells  and  fibers  has  now  been  published,30,31  but 
there  is  not  yet  proof  for  communication  between 
epithelial  cells. 

Fiber  Cells  of  Cortex  and  Nucleus.  Much  research 
has  been  done  on  the  structure  of  fiber  cells  both  in 
the  cortex  and  nucleus.  32_37The  fibers  are  intercon- 
nected through  an  elaborate  array  of  both  tongue 
and  groove  structures  and  ball  and  socket  struc- 
tures. The  relative  extent  of  these  structures  varies 
with  their  anterior-posterior  position  along  a  single 
fiber  and  with  their  depth  in  the  lens. 32  The  nuclear 
fibers  show  fewer  such  interconnecting  structures 
but  have  surfaces  with  frequent  grooves  and  rip- 
ples. 28  Much  of  the  surface  of  the  fibers  is  composed 
of  cell-to-cell  gap  junctions35,38  both  in  the  nucleus 
and  cortex.  Most  recent  scanning  electron  micros- 
copy studies  indicate  that  the  nuclear  fibers  in  many 
species  have  morphologically  intact  membranes.  39,4° 
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Lens  Cytoskeleton.  Numerous  laboratories  have 
now  reported  that  an  extensive  cytoskeleton  exists 
in  the  lens.41"45  The  structure  of  this  cytoskeleton 
seems  most  complex  in  the  epithelial  cells  and 
surface  fibers  but  is  extensive  in  most  other  fiber 
cells  as  well. 42 

Enzymes  of  the  Lens.  There  has  been  considerable 
recent  interest  in  the  localization  of  enzymes, 
especially  Na-K  ATPase  and  phosphatases,  using 
morphological  and  histochemical  techniques. 46 
Na-K  ATPase  has  been  found  primarily  along  the 
lateral  aspects  of  the  apical  side  of  lens  epithelial 
cells.47-48 

Lens  Development 

The  lens  differentiates  from  the  surface  ectoderm  by 
a  series  of  inductive  interactions  culminating  in  an 
association  with  the  optic  vesicle.  This  has  been 
reviewed  recently.  49,5° 

A  culture  method  has  been  developed  to  study 
lens  induction  in  the  chicken  embryo  (Figure  1). 51 
This  advance  has  provided  evidence  for  the  exist- 
ence of  an  inducing  substance  with  a  maximum 


molecular  weight  of  20,000  daltons,  which  is  synthe- 
sized by  the  eye  cup.  These  experiments  raise  the 
exciting  possibility  of  isolating  the  naturally  occur- 
ring lens  inducer(s).  Mechanisms  of  lens  cup  invagi- 
nation have  been  examined  in  detail  recently  with 
light52"54  and  electron53,55  microscopes.  The  lens 
placode  has  been  found  to  be  an  asymmetric 
structure  with  morphological  variations  in  different 
regions.  Lens  invagination  may  involve  intracellular 
factors,  such  as  microfilament  contraction,  as  well 
as  morphogenetic  changes  occurring  in  surrounding 
tissues.  An  earlier  idea  suggesting  that  lens  invagina- 
tion may  be  due  to  an  increase  in  cell  number  within 
a  restricted  area56  is  still  viable.  It  has  been 
proposed  that  the  "lens  territory"  is  limited  by  an 
intracellular  glycoprotein  matrix  which  accumulates 
between  the  optic  vesicle  and  lens  placode  during 
lens  induction. 57  A  finding  of  possible  significance  is 
that  glucosyl  and  galactosyl  transferase  activities 
have  been  detected  cytochemically  in  this  intercel- 
lular matrix. 58 

Crystallin  synthesis  during  lens  induction  has  also 
been  under  investigation.  Crystallins  have  been 
detected  by  immunofluorescence  as  early  as  the  lens 


FIGURE  1.  A  saggital  paraffin  section  of  a  5-day-old  embryonic  chicken 
lens.  The  embryonic  cornea  is  present  at  the  top  of  the  photomicrograph. 
The  cuboidal  epithelial  cells  overlie  the  elongated  fiber  cells.  Later  in 
development  the  cell  nuclei  will  disintegrate  from  the  central  region  of  the 
fiber  mass  to  form  the  anucleate  lens  nucleus. 


17 


Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Cataract  Panel 


placode  stage.4959  Molecular  hybridization  experi- 
ments with  cDNA  have  correlated  delta  crystallin 
synthesis  during  lens  induction  in  chickens  with  the 
accumulation  of  delta  crystallin  mRNA.  60  Further 
study  of  the  mechanisms  of  lens  induction  may 
benefit  from  investigations  of  several  mutants  in 
mice  that  have  defects  in  the  early  phases  of 
development. 6I 

Hormonal  Control  and  Growth  Factors.  The  devel- 
oping lens  grows  through  division  of  the  epithelial 
cells,  initially  throughout  the  epithelium  and  later  in 
the  germinative  zones  located  in  the  equatorial 
regions  of  the  epithelium.  In  frogs,  hypophysectomy 
leads  to  arrested  cell  division  in  the  lens  epithelial 
cells,  62  suggesting  a  hormonal  control  of  mitosis  in 
the  lens  of  this  organism.  More  recent  experiments 
indicate  that  pituitary  hormones  may  influence  lens 
cell  division  by  way  of  somatomedin  C,  which  is 
made  in  the  liver. 63  Further  evidence  for  hormonal 
control  of  cell  division  in  the  lens  are  the  findings 
that  aqueous  humor, 64  insulin, 65  and  insulin-like 
growth  factors  6G  stimulate  mitosis  in  cultured  rabbit 
lenses.  Division  of  lens  epithelial  cells  also  has  been 
related  to  growth  factors  in  cell  culture  in  which  a 
layer  of  mitomycin-killed  3T6  feeder  cells, 67  insu- 
lin,68  fibroblast  growth  factor,69  and  a  retinal 
extract70  promote  DNA  synthesis  and  growth. 
Control  of  cell  division  in  the  lens  remains  an 
important  developmental  problem;  it  is  also  a 
significant  factor  in  certain  hereditary,71,72  nutri- 
tional, 73,74  and  anterior  polar 75,76  cataracts. 

Cell  Elongation.  Earlier  experiments  have  impli- 
cated microtubules  in  the  process  of  cell  elonga- 
tion. 77  Recently,  however,  chick  lens  epithelial  cell 
elongation  has  been  achieved  in  tissue  culture  in  the 
presence  of  nocodazole,  a  drug  that  eliminates 
cytoplasmic  microtubules. 78  In  those  experiments, 
lens  cell  elongation  was  correlated  with  an  increase 
in  cell  volume  rather  than  with  the  assembly  of 
microtubules.  Intracellular  forces  generated  by  cy- 
toskeletal  structures  such  as  actin,  intermediate 
filaments  (vimentin  type),  and  microtubules  may  yet 
contribute  to  lens  fiber  elongation.  Densely-packed 
microtubules  have  been  observed  recently  in  lens 
fibers, 42  actin  and  vimentin  are  abundant  in  the  lens 
cells, 43"45,79,80  and  cytochalasin  D,  which  disrupts 
the  actin-containing  microfilaments,  inhibits  elonga- 
tion in  cultured  epithelial  cells  from  embryonic 
chick 81  and  immature  rat 82  lenses.  Alternatively, 
these  cytoskeletal  structures  may  affect  other  lens 
processes  such  as  stability  or  accommodation,  and 
not  cell  elongation.  The  identification  of  lentropin,  a 
protein  in  the  vitreous  humor  of  chick  embryos 
which  stimulates  fiber  cell  differentiation  in  the 
cultured  lens  epithelium,  provides  a  new  opportuni- 
ty to  examine  the  initiation  of  fiber  cell  formation.  83 

Fiber  Cell  Differentiation.  Fiber  cell  differentia- 
tion  in    the   developing    lens   is   accompanied   by 


changing  patterns  of  protein  synthesis.84,85  One 
striking  change  is  the  accumulation  of  the  26K 
membrane  protein, 86"88  the  main  intrinsic  protein  of 
the  gap  junction.  The  mRNA  for  this  gap  junctional 
protein  has  been  isolated  by  virtue  of  its  selective 
association  with  actin  in  the  cytoskeleton  of  bovine 
lens  fiber  cells. 89  Recently  reported  changes  in 
crystallin  synthesis  include  a  relative  increase  in  the 
synthesis  of  the  alpha  A  chain  of  alpha  crystallin 
and  the  appearance  of  beta  crystallin  during  the 
transition  from  epithelial  cell  to  fiber-like  cell  in  the 
cultured  calf  lens  epithelium.  90  Fiber  cell  differenti- 
ation is  characterized  by  intensive  synthesis  of  beta 
and  gamma  crystallin,  and  in  chickens,  of  delta 
crystallin.  The  specialization  for  delta  crystallin 
synthesis  has  been  correlated  with  an  accumulation 
of  delta  crystallin  mRNA.  91,92 

Lens  Fiber  Differentiation  in  Culture.  A  number 
of  advances  have  occurred  in  the  ability  to  study 
lens  fiber  differentiation  in  culture.  Cultured  lens 
epithelial  cells  from  chicks, 93  rats, 94  and  mice  95  can 
differentiate  into  lentoid  bodies  containing  elongat- 
ed cells  and  crystallins.  The  appearance  of  crystall- 
ins  in  lentoid  bodies  is  paralleled  by  the  accumula- 
tion of  crystallin  mRNA.96"98  Remarkably,  pig- 
mented96,99,100 and  neural101  retinal  cells  can  trans- 
differentiate  into  lentoid  bodies  in  culture.  It  has 
been  proposed  that  the  potential  to  transdifferentiate 
into  a  lentoid  body  requires  the  presence  of  low 
levels  of  crystallin  mRNAs  in  the  cells  at  the  time  of 
explantation. 97  Lentoid  body  formation  is  being 
exploited  as  a  means  to  determine  which  chromo- 
somes are  necessary  for  lens  fiber  cell  differentia- 
tion. Hybrids  resulting  from  the  fusion  of  human 
lens  epithelial  cells  and  mouse  fibroblasts  cannot 
form  lentoid  bodies  if  they  lack  the  appropriate 
chromosomes. 102  This  allows  assignment  of  specific 
lens  functions  to  individual  chromosomes  or  combi- 
nations of  chromosomes.  Finally,  attempts  to  use 
viral  transformation  as  a  tool  to  study  lens  differen- 
tiation have  been  made  recently;  both  rat 103  and 
chick  104, 105  lens  epithelial  cells  have  been  propagat- 
ed in  tissue  culture  by  viral  transformation. 

Molecular  Genetics 

The  molecular  genetics  of  the  lens  has  made  rapid 
progress  recently.  cDNAs  for  delta  crystallin  of 
chickens w<^ 107  and  for  alpha,  beta,  and  gamma 
crystallin  of  mice,108"110  rats,111,112  and  frogs113 
have  been  cloned  in  bacterial  plasmids.  The  delta 
crystallin  genes  have  been  isolated  from  the  chicken 
genome.105,114"116  These  experiments  have  demon- 
strated that  there  are  at  least  two  very  similar  genes 
for  delta  crystallin,  each  containing  13  to  15 
intervening  sequences  (Figure  2). 

Gene  analysis  may  also  be  used  to  understand 
protein  polymorphism   in  the  lens.   An  interesting 
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FIGURE  2.  Electron  micrograph  (left)  and  line  drawing  (right)  of  intervening  and  mRNA  gene  sequences  of  a  cloned  fragment  of  chicken  DNA  containing  a 
portion  of  a  delta  crystallin  gene.  The  letters  denote  the  intervening  sequences,  which  are  seen  as  loops  of  single-stranded  DNA.  The  intervening  sequences 
form  outpouches  because  the  cloned  DNA  has  been  denatured  and  hybridized  to  delta  crystallin  in  RNA  (dotted  line  in  drawing).  The  delta  crystallin  mRNA 
hybridizes  only  to  its  complementary  sequences  which  are  not  contiguous  within  the  genome.  The  complete  delta  crystallin  gene  consists  of  15  intervening 
sequences.  (Reprinted  from  Jones  RE,  DeFeo  D,  Piatigorsky  J.  J  Biol  Chem  256:8172-8176,  1981.) 


recent  example  concerns  the  existence  of  a  minor 
24,000  dalton  alpha  crystallin  polypeptide  present  in 
the  rat  lens. 117  Amino  acid  sequencing  studies  have 
revealed  that  this  polypeptide  contains  an  insert  of 
22  residues.  n8  This  suggests  a  special  case  of  gene 
duplication  or  unusual  processing  of  alpha  crystallin 
precursor  mRNA.  Direct  examination  of  the  alpha 
crystallin  genes  will  unequivocally  answer  this  and 
other  similar  questions.  The  ability  to  identify 
mRNAs  for  crystallin119  and  noncrystallin  120121 
proteins  paves  the  way  for  further  exploration  of 
the  genes  important  in  the  development  and  mainte- 
nance of  the  lens. 

Physiology  and  Cell  Communication 

Significant  progress  has  been  made  in  studies  of 
membrane  transport,  electrical  properties,  and  cell- 
to-cell  coupling  in  a  variety  of  lenses. 25  It  is  now 
clear  that  the  lens  epithelium  contains  an  electro- 
genie  sodium  pump.122,123  Such  a  pump  also  has 
been  suggested  for  anterior  fiber  membranes. 124  The 
existence  of  a  monovalent  cation  pump  in  other 
membranes  in  the  lens  has  not  yet  been  established 
unequivocally.  A  lanthanum  inhibitable  Ca++  pump 
that  keeps  lens  fiber  cytoplasmic  Ca++  well  below 
that  of  the  bath  has  been  described. 125  Other  studies 
have  shown  that  most  Mg  +  +  and  Ca++  inside  the 
lens  are  probably  in  a  bound  form. 126,127 

Numerous  studies  have  shown  an  effect  of  low 
Ca  +  +  in  the  bathing  medium  on  monovalent  cation 


permeability. 122-128-130  Recent  studies  utilizing  elec- 
trical impedance  techniques  or  input  conductance 
measurements  have  shown  that  conductance  prop- 
erties of  the  lens  are  very  complex,131  137  and  that 
the  inner  fiber  membranes  have  very  different 
properties  from  those  of  the  surface  cells. 131  The 
rate  of  monovalent  cation  active  transport  is  appar- 
ently dependent  upon  the  concentration  of  cations 
in  the  lens, 138  as  well  as  upon  the  oxidation- 
reduction  state  of  lens  sulfhydryl  groups. 139  It  has 
been  reported  that  the  lens  shows  a  volume  regula- 
tion mechanism  very  similar  to  those  reported  for 
erythrocytes.  14°  Tryptamine  has  been  shown  to  be  a 
potent  inhibitor  of  lens  Na-K  ATPase  141  and  thus 
affects  active  cation  transport. 

Considerable  progress  also  has  been  made  in 
describing  the  transport  of  organic  solutes  such  as 
amino  acids,  nucleotides,  and  lipid  precursors. 142 

The  normal  lens  of  many  species  abounds  in  cell- 
to-cell  gap  junctions. 25  Although  the  functions  of 
these  ubiquitous  junctions  are  not  totally  under- 
stood, it  is  clear  that  they  allow  diffusion  of  low 
molecular  weight  substances  from  one  fiber  to 
another 27, 143, 144  and  provide  pathways  for  the  flow 
of  electric  current.145-147  Isolated  lens  gap  junc- 
tions 148  have  been  shown  to  be  composed  of  a  26K 
membrane  polypeptide,  86-149,15°  but  the  peptides 
appear  different  from  those  isolated  from  gap 
junctions  of  other  tissues,  and  they  may  be  a  unique 
gene  product.  It  has  been  suggested  that  lens  fiber 
gap   junctions    might    be    in    a    permanently    open 
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state, 150  but  recent  data  show  that  the  junctions  can 
be  uncoupled.30'151  A  study  demonstrating  that 
these  junctions  are  lost  during  the  formation  of 
cataract  in  the  Nakano  mouse  provides  a  link 
between  cell  communication  and  cataract  forma- 
tion. 152 

Physicochemical  Basis  of  Lens  Transparency 
and  Opacification 

The  factors  that  make  the  normal  lens  transparent 
are  not  yet  known,  but  important  advances  have 
been  made  in  understanding  the  physicochemical 
basis  of  the  loss  of  lens  transparency.  The  use  of 
quasi-elastic  light  scattering  theory  and  thermody- 
namic phase  diagrams  have  provided  new  descrip- 
tions of  nuclear  cold  cataracts,  and  nuclear  cataracts 
in  galactosemic  rat  lenses.153-155  Substances  that 
alter  the  phase  curves  have  been  shown  to  have 
predictable  effects  in  reducing  the  opacity. 153  Other 
investigators  using  a  somewhat  more  general  theory 
of  light  scattering  in  nonhomogeneous  solids  have 
been  able  to  predict  the  formation  of  lens  opacity  on 
the  basis  of  protein  aggregation  and  syneresis. 156-157 
A  loss  of  the  balance  between  form  and  intrinsic 
birefringence  has  also  been  implicated. 

Intermediary  Metabolism  and  Biochemistry 

Proteins.  Much  has  been  learned  over  the  last  few 
years  about  the  synthesis  and  structure  of  the 
crystallins,  which  are  the  major  protein  constituents 
of  the  lens.  Changes  in  the  intralenticular  concentra- 
tions of  ions  (especially  Na+  and  K  +)  appear  able  to 
reduce  crystallin  synthesis  differentially  in 
normal 158  and  cataractous  * 159  lenses  by  interfering 
with  mRNA  translation. 160  The  primary  structures 
for  calf  alpha  A2, 161  alpha  B2, 162  beta  Bp, 163164  and 
gamma  (II)  crystallin 165  have  been  obtained.  A 
partial  amino  acid  sequence  for  chicken  delta 
crystallin  has  been  deduced  from  its  cDNA. 166  An 
important  new  idea  has  emerged  by  comparing  the 
primary  structure  of  calf  gamma  (II)  crystallin 165 
with  the  primary  structures  of  calf  beta  Bp163'164 
and  mouse  beta  (23)  crystallin,  no  namely,  that  the 
beta  and  gamma  crystallins  form  a  superfamily  of 
related  proteins  that  share  a  common  ancestral  gene. 
Moreover,  this  ancestral  gene  appears  to  have 
undergone  an  intragenic  duplication  early  in  its 
evolutionary  history.  Crystallographic  analysis  of 
calf  gamma  (II)  crystallin  indicates  that  this  protein 
has  two  domains,  each  containing  two  folding  units, 
which  is  consistent  with  an  internally  duplicated 
gene. 167  Interestingly,  a  computer  model  based  on 
the  crystallographic  structure  of  calf  gamma  (II) 
crystallin  has  indicated  that  calf  beta  Bp  and  gamma 
(II)   crystallin   have   similar   tertiary   structures. 168 


Studies  of  the  primary  structure  of  alpha  crystal- 
lin have  demonstrated  extensive  conservation  of 
these  polypeptides  during  evolution. 169  Marked 
evolutionary  conservation  of  the  crystallins  is  also 
indicated  by  immunological,170171  spectroscopic172 
and  molecular  hybridization 173  studies.  Another 
important  advance  is  the  crystallization  of  gamma 
crystallin,167174175  and  delta  crystallin,176  allowing 
the  determination  of  the  tertiary  structure  of  these 
proteins  by  x-ray  diffraction.  Spectroscopic  and 
fluorescence  studies  have  shown  that  delta  crystallin 
is  unique  among  the  crystallins  in  its  extensive 
secondary  structure  and  its  hydrophobic  environ- 
ment surrounding  the  tryptophane  residues.172,177 
Biochemical178  and  immunological171179  studies 
have  been  used  productively  to  investigate  the 
quaternary  structure  and  assembly  of  alpha  crystal- 
lin and  have  raised  the  possibility  that  hybrid 
complexes  of  alpha,  beta,  and  gamma  crystallins 
may  exist  in  the  lens. 180, 181 

Immunological  studies  of  the  crystallins  have 
clinical  implications  as  well,  since  autoimmunity  to 
lens  components  is  assumed  to  be  a  factor  in  uveitis, 
which  may  occur  following  cataract  extraction. 182 
Indeed,  physiological  leakage  of  crystallins  may 
explain  the  low  titers  of  autoantibodies  to  crystallins 
that  may  be  found  in  the  blood  of  normal  human 
donors. 183  It  has  been  suggested  that  autoimmune 
reactions  may  be  activated  by  the  structural  changes 
in  crystallins  during  cataractogenesis. 182 

Additional  studies  on  the  posttranslational  modifi- 
cations of  the  crystallins  are  needed  to  understand 
the  heterogeneity  of  the  crystallin  polypeptides  and 
explore  the  possible  mechanism  of  crystallin  aggre- 
gation during  aging  and  cataract  formation.  84  Clea- 
vage,184,185  oxidation,186,187  fluorogen  produc- 
tion,188-189 and  racemization  of  aspartic  acid190191 
are  among  the  list  of  naturally  occurring  modifica- 
tions of  crystallin  polypeptides  that  may  contribute 
to  cataractogenesis.  Oxidation  in  particular  appears 
to  be  an  important  avenue  of  crystallin  aggregation 
and  association  with  lens  membranes,  and  both  have 
been  implicated  in  cataract  formation  in  man. 192~194 

Initial  studies  on  the  metabolism  of  nucleic  acids 
in  the  lens  have  been  performed.  During  terminal 
differentiation  of  lens  fibers,  nuclear  DNA  degrada- 
tion occurs  within  the  chromatin. 195  Crystallin 
mRNAs  are  complexed  with  proteins,  and  these 
ribonucleoprotein  particles  are  capable  of  being 
translated  in  a  cell-free  system. 196, 197  Methylation 
appears  to  be  required  for  the  in  vitro  translation  of 
crystallin  mRNAs. 198, 199  Enzymes  involved  in 
methylation  of  mRNAs  have  been  detected  in  the 
lens. 200 

Lipids.  During  the  past  few  years,  lens  lipids  have 
begun  to  receive  considerable  attention.  The  phos- 
pholipid content  of  the  lens  membranes  of  several 
species  has  been  established.201,202  The  presence  of 
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the  essential  fatty  acids  in  the  aqueous  humor  and 
the  ability  of  these  fatty  acids  to  enter  the  lens  has 
been  documented.202,203  Sphingomyelin  in  the  lens 
increases  with  age.  204'205The  effect  of  phospholipids 
on   lens   transport   systems   has   been   described. 206 

Carbohydrates.  Relatively  few  investigators  are 
studying  carbohydrate  metabolism  in  the  lens.  Ex- 
periments on  pyruvate  kinase 207  and  polyol  dehy- 
drogenase 208  in  human  lenses  are  noteworthy  excep- 
tions. The  stimulation  of  ihe  hexose  monophosphate 
shunt  in  rabbit  lenses  also  has  been  reported 
recently. 209 

It  has  long  been  proposed  that  hexokinase  (HK)  is 
the  "pacemaker"  of  glycolysis.210,211  However,  in 
the  aging  lens,  the  rate-limiting  role  seems  to  have 
shifted  from  HK  to  phosphofructokinase  (PFK):  it 
has  been  found  that  hexose  monophosphates 
(HMPs)  accumulate  in  aging  cattle  lens, 212  and  the 
affinity  of  PFK  to  its  substrate  apparently  decreases 
during  aging. 213  A  rat  lens  dispersion  study  also 
showed  that  the  rate  of  lactate  production  declined 
in  8  to  12-month-old  rat  lenses  when  incubated  with 
fructose-6-phosphate,  indicating  an  alteration  of 
PFK  properties  in  the  aging  lens. 214  More  recently, 
however,  it  was  found  that  PFK  controlled  glycoly- 
sis in  both  young  (1-month-old)  and  middle-aged  (8 
to  12-month-old)  rat  lenses. 215  This  conclusion  was 
based  on  the  fact  that  HMPs  increased  when  intact 
rat  lenses  were  incubated  in  a  media  with  increasing 
glucose  concentration  (from  2  to  12  mm),  while  the 
lenses  maintained  a  constant  rate  of  lactate  produc- 
tion,   that    is,    the   lenses   were   in   a   steady-state. 

It  should  be  noted  that,  like  other  tissues,  the 
regulation  of  glycolysis  is  based  on  feedback  control 
mechanisms  of  the  three  key  regulatory  enzymes, 
HK,  PFK,  and  pyruvate  kinase  (PK).  More  impor- 
tant is  the  interaction  among  the  regulatory  en- 
zymes. For  instance,  PK  is  activated  by  fructose- 1, 
6-diphosphate  (FDP),  the  product  of  PFK  catalysis, 
and  is  therefore  subject  to  the  control  of  PFK 
activity. 207  The  interaction  of  HK  and  PFK  is  far 
more  complicated.  HK  consists  of  two  isozymes  and 
exists  in  three  forms:  soluble,  insoluble,  and 
latent. 216  The  insoluble  form  may  be  mitochondrial- 
bound217  and  kinetically  different  from  the  other 
forms  (for  example,  more  resistant  to  feedback 
inhibition  by  glucose-6-phosphate).  Under  anaerobic 
conditions,  PFK  is  disinhibited  (the  Pasteur  effect), 
HMPs  are  rapidly  consumed,  and  HK  becomes  the 
rate-limiting  factor  until  the  inhibitory  levels  of 
glucose-6-phosphate  are  reestablished. 215 

The  control  of  glycolysis  in  the  human  aging  lens 
is  further  complicated  by  the  following  factors:  (1) 
there  is  an  extensive  loss  of  HK  (and  to  a  lesser 
extent,  PFK)  in  the  cortical-nuclear  region  of  the 
lens, 218  and  (2)  the  mitochondria  appear  to  be 
disintegrating  in  the  epithelium  of  the  lens. 219  The 
significance  of  the  latter  is  unknown  at  present.  The 
extensive  loss  of  HK,  on  the  other  hand,  may  result 


in  (1)  inadequate  ATP  production,  and  (2)  low 
NADPH  generation  through  the  hexose  monophos- 
phate shunt  (which  requires  glucose-6-phosphate). 
In  fact,  there  are  no  detectable  HMPs  in  human 
aging  lens  cortex, 218  suggesting  that  PFK  does  not 
restrict  glycolysis  in  this  region.  However,  glycoly- 
tic control  in  human  lens  epithelium  may  resemble 
that  in  the  animal  lenses,  that  is,  it  may  be  a  function 
of  the  interaction  of  various  endogenous  and  exoge- 
nous effectors  upon  the  regulatory  enzymes,  with 
PFK  as  the  primary,  and  HK  the  secondary, 
regulator. 

The  relevance  of  a  decline  in  ATP  and  NADPH 
production  to  human  senile  cataractogenesis  lies  in 
the  following  factors:  (1)  sufficient  energy  is  re- 
quired for  ionic  balance,  and  (2)  adequate  thiol 
maintenance  depends  upon  the  rate  of  recycling  of 
NADPH. 220  If  these  fail,  hydration  (with  Na+  gain 
and  K+  loss)  and  disulfide  accumulation  in  the  lens 
occurs,  both  of  which  are  the  hallmarks  of  human 
senile  cataract. 

It  is  possible  to  enhance  ATP  production  in 
human  cataractous  lenses  in  vitro.  This  is  done  by 
incubating  the  lenses  in  media  containing,  in  addi- 
tion to  ADP,  either  glucose-6-phosphate  (G6P)  or 
fructose-1, 6-diphosphate  (FDP);  the  latter  is  effec- 
tive in  preventing  lens  hydration. 218  FDP,  applied 
in  vivo,  may  alleviate  osmotic  stress  resulting  from 
membrane  disintegration;  furthermore,  G6P  may  be 
useful  in  promoting  the  production  of  NADPH  and, 
consequently,  the  reduction  of  disulfides  in  the  lens. 
The  therapeutic  implication  of  G6P/FDP/ADP 
treatment  requires  further  investigation.  Such  treat- 
ment may  present  a  possible  means  to  prevent  the 
progression  of  human  senile  cataracts. 

Recent  studies  on  the  relationship  of  carbohy- 
drate and  glutathione  metabolism  have  shown  a 
direct  link  between  the  rate  of  formation  of  oxidized 
glutathione  and  the  stimulation  of  the  hexose  mono- 
phosphate shunt. 221  It  has  also  been  demonstrated 
that  glutathione  (GSH)  metabolism  and  hexose 
monophosphate  shunt  play  an  important  role  in 
detoxification  of  hydrogen  peroxide  which  is  nor- 
mally present  in  the  aqueous  humor,  and  thus 
protect  the  lens  against  oxidative  damage  that  might 
otherwise  result. 222  These  findings  are  consistent 
with  earlier  observations  that  lens  epithelium  con- 
tains unusually  high  concentrations  of  GSH  and 
phosphorylated  pyridine  nucleotides,  as  well  as 
significant  activity  of  glutathione  peroxidase,  gluta- 
thione reductase,  and  glucose-6-phosphate  dehydro- 
genase. 223-224 

Study  of  the  metabolism  of  GSH,  which  occurs  in 
unusually  high  concentration  in  the  lens,  has  re- 
ceived considerable  attention.  During  the  past  few 
years,  it  has  been  demonstrated  that,  in  addition  to 
biosynthesis,  the  lens  is  capable  of  degrading 
GSH. 225  The  recent  demonstration  that  the  lens 
contains  all  of  the  enzymes  of  the  gamma-glutamyl 
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cycle226-227  suggests  that  the  catabolism  of  GSH 
may  involve  this  cycle.  At  present,  there  is  no 
evidence  that  the  gamma-glutamyl  cycle  plays  a 
functional  role  in  amino  acid  transport  in  the  lens,  as 
has  been  suggested  for  the  kidney. 228 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Lens  Morphology 

Further  studies  are  needed  of  lens  morphology, 
with  particular  emphasis  on  the  improvement  of 
preparative  methods  and  the  use  of  quantitative 
techniques.  Emphasis  should  be  given  to  research 
on  techniques  to  preserve  the  structure  of  entire 
lenses  while  minimizing  shrinkage  or  drying  arti- 
facts. New  stains  are  needed  that  will  stain  mem- 
branes at  all  depths  in  the  lens  for  investigations 
with  both  light  and  electron  microscopes.  Studies 
that  will  allow  precise  localization  of  enzymes  by 
histochemical  or  radioautographic  means  should  be 
emphasized,  but  techniques  should  be  devised  to 
make  this  localization  quantitative. 

There  is  a  general  need  for  the  application  of 
quantitative  morphologic  techniques  to  lens  re- 
search. For  example,  the  procedures  of  stereology 
should  be  applied  to  quantifying  the  extent  and 
distribution  of  the  cytoskeleton,  determining  total 
cell  surface  area  and  the  fraction  thereof  that  is  gap 
junction,  and  determining  the  size  of  the  extracellu- 
lar space  at  various  lens  locations. 

Freeze-fracture  studies  to  determine  the  relative 
distribution  of  gap  junctions  in  various  parts  of  the 
lens  should  be  supported.  The  dynamics  of  crystalli- 
zation of  these  junctions  should  be  assessed  quantita- 
tively, and  well-defined  antisera  to  the  26K  protein 
(the  main  component  of  these  junctions)  should  be 
produced.  Studies  that  investigate  the  occurrence  of 
junctions  other  than  gap  junctions  also  should  be 
emphasized. 

Quantitative  studies  are  needed  to  examine 
changes  in  epithelial  cell  organelles  after  a  wide 
variety  of  experimental  interventions.  There  is  also  a 
need  for  the  further  application  of  electron  micro- 
probe  elemental  analysis  or  similar  techniques  to 
slices   of  tissue   from   various   parts   of  the   lens. 

Cell  Division  and  Protein  Synthesis 

Further  studies  on  lens  cell  division,  fiber  differenti- 
ation, and  differential  protein  synthesis  are  needed. 


The  role  of  hormones,  growth  factors,  and  inducers 
requires  clarification.  Cytoskeletal  structures  and 
volume  regulation  should  be  studied  further  with 
respect  to  fiber  cell  elongation,  maintenance  of  cell 
shape,  and  accommodation.  The  appearance  of 
specific  proteins  (both  crystallins  and  noncrystallins) 
during  development  should  be  correlated  with  their 
mRNAs. 

Culture  of  Lens  and  Lens  Epithelial  Cells 

Further  studies  on  cultured  lenses  and  lens  epithelial 
cells  are  recommended.  An  in  vitro  system  utilizing 
intact  lenses  for  the  study  of  lens  fiber  cell  differen- 
tiation is  still  not  available.  The  use  of  epithelial  cell 
cultures  for  obtaining  lens  material,  studying  lens 
fiber  cell  differentiation  (lentoid  body  formation), 
and  investigating  cell  division  should  be  encour- 
aged. Further  efforts  to  use  virus  infection  to  study 
lens  cell  differentiation  or  obtain  mass  cultures  of 
lens  cells  may  be  rewarding. 


Molecular  Biology 

Studies  of  molecular  cloning  should  be  continued. 
The  field  of  molecular  biology,  especially  gene 
structure  and  function,  has  made  enormous  progress 
through  the  development  of  recombinant  DNA 
technology.  It  is  now  possible  to  clone  cDNAs  and 
their  respective  genes.  The  cloned  nucleic  acids 
may  be  used  as  probes  to  study  gene  expression  in 
normal  and  cataractous  lenses.  Recombinant  DNA 
technology  also  allows  determination  of  which 
proteins  are  primary  gene  products  and  facilitates 
studies  on  the  primary  structure  of  proteins  and 
their  mRNAs  by  sequencing  the  cloned  cDNAs. 
Isolation  of  identified  genes  makes  possible  detailed 
mapping  of  gene  families,  such  as  the  crystallins, 
and  analysis  of  gene  expression  at  the  transcriptional 
and  posttranscriptional  levels.  Thus,  structural, 
functional,  and  evolutionary  problems  concerning 
specific  proteins  and  their  genes  may  be  investigated 
with  renewed  vigor  and  optimism. 


Lens  Chromosomes 

Further  studies  of  chromosomes  from  cultured  lens 
cells  and  identification  of  crystallin  genes  on  chro- 
mosomes are  important.  Chromosomal  mapping  of 
genes  relevant  to  the  lens  has  become  possible 
through  recombinant  DNA  technology  and  cell 
hybridization  methods.  These  experiments  contrib- 
ute to  understanding  the  genetic  control  of  lens 
development  and,  ultimately,  the  consequences  of 
chromosomal  aberrations  on  the  lens. 
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Lens  Nucleic  Acid 

Studies  on  the  structure  and  metabolism  of  nucleic 
acids  should  be  continued.  Direct  analysis  of  RNA 
and  DNA  would  complement  the  recombinant 
DNA  investigations  and  help  to  clarify  the  nature  of 
ribonucleoprotein  particles  and  chromatin.  Studies 
of  methylation  and  turnover  of  nucleic  acids  should 
also  be  included  in  this  area.  These  experiments 
would  expand  understanding  the  functioning  of 
nucleic  acids  within  the  lens. 

Significance  of  Different  Compounds  in  the 
Lens 

Further  studies  of  the  composition,  distribution,  and 
metabolism  of  lens  proteins,  carbohydrates,  and 
lipids  are  recommended,  using  both  biochemical  and 
noninvasive  techniques,  when  applicable.  Structural 
and  metabolic  studies  need  to  be  conducted  at 
different  stages  of  development.  The  development 
and  use  of  monoclonal  antibodies,  not  yet  achieved 
in  lens  research,  would  be  desirable.  Studies  of 
protein  degradation,  RNA  and  protein  turnover, 
and  changes  in  enzyme  activity  during  aging  are 
needed.  Additional  investigation  of  the  turnover  of 
lipids  and  phospholipids  should  complement  studies 
of  composition.  Comparative  investigations  of  dif- 
ferent species  are  useful  and  should  be  encouraged. 
Additional  experiments  on  the  structural  and  meta- 
bolic aspects  of  the  macromolecular  components  of 
the  lens  have  obvious  implications  for  understand- 
ing the  basis  of  transparency. 

Lens  Transport  Processes 

There  is  a  general  need  to  understand  the  transport 
processes,  both  active  and  passive,  involved  in 
different  membrane  systems  in  the  lens.  The  way  in 
which  these  processes  differ  on  the  apical  and  basal 
membranes  of  epithelial  cells  and  on  posterior  fiber 
membrane  and  fiber  membranes  deep  within  the  lens 
must  be  determined. 

Additional  studies  are  needed  on  transport  of 
organic  molecules  such  as  amino  acids,  nucleosides, 
and  carbohydrates,  with  emphasis  on  transport 
proteins.  The  incorporation  of  such  proteins  into 
membrane   or   lipid    vesicles   would   be   desirable. 

Studies  are  needed  of  electrodiffusion  phenomena 
in  the  extracellular  space  and  their  role  in  the  total 
transport  properties  of  the  lens.  These  will  require 
mathematical  modeling,  chemical  fluxes,  and  elec- 
trophysiology  techniques. 

It  is  important  to  understand  the  role  of  divalent 
ions,  particularly  Ca++,  in  lens  biochemical  process- 
es and  control  of  cell  membrane  and  gap  junctional 


permeability.  The  temporal  and  spatial  control  of 
Ca++  in  the  lens  must  be  understood. 

There  are  further  needs  in  research  on  gap 
junctions  in  the  lens.  The  relative  permeability  of 
these  junctions  in  different  parts  of  the  lens  and  the 
factors  that  control  these  permeabilities  during  fiber 
differentiation  and  aging  must  be  investigated.  In- 
vestigators need  to  develop  techniques  that  will 
selectively  allow  the  connexons  of  these  junctions  to 
be  opened  or  closed,  so  they  may  be  studied  by  both 
electrophysiologic  and  dye  passage  techniques.  The 
main  membrane  proteins  need  to  be  characterized 
more  fully.  Study  of  the  permeability  and  electrical 
properties  of  isolated  gap  junctions  is  highly  desir- 
able. The  role  of  gap  junctions,  if  any,  in  cataract 
formation  needs  to  be  clarified. 

Studies  of  the  role  of  electrolyte  imbalance  in  the 
synthesis  of  macromolecules  need  to  be  extended. 
At  the  same  time,  the  role  of  altered  intracellular 
cations  in  the  control  of  active  and  passive  transport 
processes  must  be  pursued. 

All  of  the  above  transport  mechanisms  need  to  be 
determined  as  a  function  of  lens  aging. 

Lens  Cytoskeleton  and  Cell  Membrane 

There  is  a  need  for  studies  of  the  composition  and 
structure  of  the  cytoskeleton  and  cell  membrane, 
with  particular  attention  to  changes  occurring 
during  differentiation,  cell  elongation,  and  accom- 
modation. Special  attention  should  be  paid  to  the 
microfilaments  found  in  epithelial  cells  and  surface 
fiber  cells.  Quantitative  studies  on  interactions  be- 
tween cytoskeleton  and  membrane  at  different 
depths  in  the  lens  should  be  emphasized. 

Lens  Protein  and  Transparency 

An  understanding  of  the  biochemical  and  biophys- 
ical properties  of  lens  proteins,  particularly  the 
phenomenon  of  transparency,  has  progressed 
through  the  use  of  techniques  of  light  scattering  and 
birefringence.  These  experiments  should  continue. 
In  addition,  newer  techniques,  such  as  forced 
Rayleigh  scattering  and  the  effect  of  difference 
fields  on  light  scattering,  should  be  investigated. 
The  continued  application  of  phase  separation 
theory  to  explain  some  kinds  of  lens  opacities  should 
be  explored. 


Changes  in  the  Lens  and  Age 

Further  studies  on  physical,  physiological,  and 
biochemical  changes  in  the  lens  as  a  function  of  age 
are   needed.    Because   the   most    prevalent   human 
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taract  is  clearly  related  to  aging,  there  is  great 
need  to  understand  the  aging  process  in  the  lens.  So 
little  is  known  about  lens  aging  that  studies  are 
required  in  all  areas — physiology,  physicochemistry, 
morphology,  cell  biology,  and  biochemistry.  Studies 
should  be  conducted  within  a  single  lens,  since  each 
lens  has  cells  of  widely  differing  age,  and  on  lenses 
of  widely  differing  ages,  including  both  animal  and 
human  lenses.  There  is  an  urgent  need  to  find  ways 
to  facilitate  the  acquisition  of  human  lens  material, 
both  normal  and  cataractous,  for  research. 


RECOMMENDATIONS 


Program  Base 

■  Study  the  biochemical  and  biophysical  properties 
of  lens  proteins,  particularly  transparency. 

■  Study  cell  division,  fiber  differentiation,  and 
differential  protein  synthesis,  including  investiga- 
tions of  cultured  lenses  and  cultured  lens  epithe- 
lial cells. 

■  Study  the  composition,  distribution,  and  metabo- 
lism of  lens  proteins,  carbohydrates,  and  lipids. 

■  Study  lens  morphology  with  emphasis  on  pre- 
parative   methods    and    quantitative    techniques. 

■  Study  physical,  physiological,  and  biochemical 
changes  in  the  lens  during  aging. 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "The  Normal  Lens,"  the  Panel 
has  made  the  following  recommendations  concern- 
ing research  in  this  subprogram  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants    in    these   areas   are   forthcoming. 


Program  Development  Priorities 

■  Study  the  molecular  biology  of  the  lens,  with 
emphasis  on  gene  analysis  and  the  structure  and 
metabolism  of  nucleic  acids. 

■  Study  lens  transport  processes  with  associated 
investigations  of  the  structure  and  function  of  gap 
junctions  and  the  composition,  structure,  and 
function  of  the  cytoskeleton  and  cell  membrane. 

When  possible,  all  of  the  above  studies  should  be 
applied  to  the  human  lens. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


THE  NORMAL  LENS 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Study  properties  of  lens  proteins,  particularly 
transparency. 

B.  Study  cell  division,  fiber  differentiation,  and 
differential  protein  synthesis. 

C.  Study  composition,  distribution,  and  metabolism  of 
lens  proteins,  carbohydrates,  and  lipids. 

D.  Study  lens  morphology:  preparative  methods  and 
quantitative  techniques. 

E.  Study  changes  in  the  lens  during  aging. 

Program  Development  Priorities 

A.  Study  molecular  biology:  gene  analysis  and  nucleic 
acids. 

B.  Study  lens  transport  processes:  gap  junctions, 
cytoskeleton,  and  cell  membranes. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


0 
0 


3 

2 

5 

8 

2 

10 

31 

7 

38 

(30) 

(20) 

(28) 

$3,145,000 

$959,000 

$4,104,000 
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EPIDEMIOLOGY 
OF  CATARACT 

INTRODUCTION 

EPIDEMIOLOGY  IS  A  QUANTITATIVE  disci- 
pline concerned  both  with  the  distribution  and  the 
determinants  of  disease  in  a  population.  It  thus 
provides  a  broad  perspective  of  the  patterns  of 
disease  occurrence  and  the  factors  involved  in  its 
development.  Because  knowledge  of  etiologic  fac- 
tors may  lead  to  preventive  measures,  epidemiology 
is  considered  the  basic  science  of  preventive  medi- 
cine. 

The  epidemiologic  approach  to  the  study  of 
disease  has  descriptive,  analytic,  and  experimental 
aspects.  Through  these  approaches,  information  is 
obtained  to  measure  the  magnitude  of  disease, 
determine  its  risk  factors,  and  improve  patient 
outcome. 

Descriptive  epidemiology  measures  the  number 
of  persons  affected  by  a  disease  and  describes  their 
characteristics.  Descriptive  studies  are  directed  to 
(1)  measuring  the  overall  rates  of  disease  occurrence 
in  the  population;  (2)  determining  the  distribution  of 
the  disease  in  different  population  subgroups  ac- 
cording to  age,  sex,  ethnic  group,  and  other  demo- 
graphic variables;  (3)  monitoring  temporal  trends  of 
disease;  and  (4)  analyzing  geographic  patterns  of 
disease  occurrence,  such  as  variations  in  disease 
rates  between  countries,  states,  or  urban  and  rural 
areas.  A  major  role  for  descriptive  studies  is  to 
obtain  comprehensive  information  on  the  natural 
history  of  the  disease  in  a  population. 

Analytic  epidemiology  attempts  to  identify  envi- 
ronmental and  genetic  factors  that  influence  the  risk 
of  developing  disease.  Such  studies  test  etiologic 


hypotheses  that  have  been  conceived  by  clinicians, 
basic  scientists,  or  epidemiologists. 

Experimental  epidemiology  refers  to  the  evalua- 
tion of  preventive,  diagnostic,  and  therapeutic  tech- 
niques. This  evaluation  is  implemented  through 
carefully  planned  clinical  trials,  which  are  designed 
in  collaboration  with  clinicians  and  biostatisticians. 

The  remarkable  contributions  of  epidemiology  to 
the  prevention  and  control  of  infectious  diseases  led 
to  the  currently  extensive  use  of  epidemiologic 
methods  in  other  areas.  The  application  of  such 
methods  has  greatly  increased  understanding  of  the 
natural  history  and  the  environmental  determinants 
of  chronic  conditions  such  as  cardiovascular  disease 
and  cancer.  In  contrast,  epidemiologic  methods 
have  not  until  quite  recently  been  applied  to 
noninfectious  eye  and  vision  problems  such  as 
cataract.  However,  a  few  studies  have  made  impor- 
tant contributions,  such  as  the  establishment  of  an 
association  between  cataracts  and  diabetes. 1  The 
existence  of  such  an  association  had  been  a  long- 
standing clinical  impression  but  could  not  be  estab- 
lished through  clinical  studies  of  extracted  cataracts, 
because  of  the  self-selection  of  patients  undergoing 
cataract  surgery.  It  was  only  through  epidemiologic 
studies  of  populations  that  an  association  was 
demonstrated. 

The  following  sections  discuss  the  potential  con- 
tributions of  descriptive,  analytic,  and  experimental 
epidemiologic  studies  to  cataracts  and  how  they  can 
be  implemented. 

Descriptive  studies  are  useful  to: 

•  Measure  the  magnitude  of  cataracts  as  a  cause 
of  morbidity.  Such  studies  define  the  extent  of 
the  public  health  problem  caused  by  cataracts, 
by  determining  incidence  (number  of  new  cases 
developing  in  a  time  period)  and  prevalence 
(number  of  existing  cases  at  a  point  in  time)  in 
the  population.  In  addition  to  measuring  the 
frequency  of  occurrence,  such  studies  can 
evaluate  the  extent  of  visual  impairment  asso- 
ciated with  treated  and  untreated  cataracts. 
Because  surgical  treatment  is  successful  in 
most  cases,  it  is  important  to  determine  the 
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magnitude  of  treated  and  untreated  disease  and 
its  associated  visual  deficit.  This  information 
has  important  public  policy  implications. 

•  Describe  the  distribution  of  cataracts  in  the 
population  according  to  demographic  and 
other  characteristics.  This  knowledge  is  essen- 
tial for  identifying  groups  at  high  and  low  risk 
of  cataracts. 

•  Monitor  trends  in  occurrence.  Increases  in 
frequency  may  reflect  the  cataractogenic  ef- 
fects of  environmental  factors  such  as  radi- 
ation or  drugs.  Studies  of  trends  in  the 
frequency  of  cataract  surgery  are  relevant  for 
analysis  of  health  care  delivery. 

•  Identify  geographic  areas  or  population 
groups  with  low  and  high  cataract  occurrence. 
Investigations  of  the  reasons  for  this  variation 
in  frequency  may  provide  useful  leads  to 
etiologic  factors. 

Analytic  epidemiologic  studies  are  essential  to 
accomplishing  the  major  goals  of  the  National  Eye 
Institute's  Cataract  program;  that  is,  to  determine 
the  causes  of  cataracts  and  prevent  or  control  their 
development.  Through  basic  research  and  clinical 
observations  several  factors  that  may  be  cataracto- 
genic in  humans  have  been  identified,  but  only  a  few 
have  been  fully  evaluated.  Epidemiologic  studies 
can  increase  understanding  of  the  role  of  these 
factors  in  cataract  etiology.  The  specific  factors  to 
be  investigated  are  described  in  detail  in  the 
following  sections. 

Experimental  epidemiologic  studies  provide  a 
critical  evaluation  of  the  advantages  and  disadvan- 
tages of  current  treatment  and  diagnostic  proce- 
dures. They  are  essential  to  evaluating  properly  the 
different  methods  of  cataract  management.  With  the 
advent  of  so  many  new  diagnostic  and  surgical 
techniques,  the  clinician  may  have  difficulty  select- 
ing the  most  desirable  approach.  The  relative  value 
of  different  approaches  can  be  rigorously  evaluated 
through  the  careful  design  and  implementation  of 
controlled  clinical  trials. 


Incidence  and  Prevalence  of  Cataracts 

It  is  difficult  to  interpret  the  available  estimates  of 
cataract  frequency  without  being  aware  of  two 
major  issues:  problems  in  definition  and  classifica- 
tion of  cataracts  and  limitations  of  the  available 
sources  of  data. 

Available  data  on  cataract  occurrence  cannot  be 
interpreted  without  knowing  the  criteria  used  to 
define  this  condition.  Prevalence  estimates  may  vary 
widely  from  study  to  study  because  of  the  different 
diagnostic  criteria  used  by  different  investigators. 
The  problems  caused  by  the  variety  of  definitions 


and  classifications  of  cataract  are  further  compound- 
ed by  the  methods  available  for  examination.  At 
present,  clinical  and  population  studies  of  cataract 
are  based  primarily  on  subjective  criteria  for  assess- 
ing and  classifying  lens  changes. 

Furthermore,  problems  may  be  caused  by  the 
methods  used  to  identify  cases;  these  include  self 
referral,  blindness  registries,  or  population  surveys. 
Valid  incidence  and  prevalence  data  for  the  general 
population  are  best  obtained  through  population- 
based  studies.  Studies  of  clinic  patients,  persons 
undergoing  cataract  surgery,  nursing  home  resi- 
dents, or  other  selected  groups  may  produce  biased 
results,  leading  to  under-  or  over-representation  of 
certain  age,  sex,  or  socioeconomic  groups.  In  the 
United  States,  a  few  population  studies  of  cataracts 
have  been  conducted;  a  brief  description  of  their 
major  findings  follows. 

Blindness  Caused  by  Cataracts 

The  major  source  of  data  on  cataract  blindness  has 
been  the  Model  Reporting  Area  for  Blindness 
Statistics  (MRA). 2  This  program,  supported  by  the 
NIH,  consisted  of  a  group  of  state  blindness 
registries  that  maintained  statistics  according  to  a 
common  definition  of  blindness,  that  is,  best  correct- 
ed visual  acuity  of  6/60  (20/200)  or  less  in  the  better 
eye  or  visual  field  limited  to  20  degrees  in  its  widest 
diameter,  and  followed  common  rules  for  coding 
and  updating  records.  The  MRA  began  in  1962  with 
9  states  participating.  The  number  of  states  gradual- 
ly increased  to  16  by  1970,  the  last  year  for  which 
MRA  data  were  collected. 

Because  cataract  is  a  highly  treatable  disease, 
blindness  from  cataract  should  not  be  a  major 
problem.  However,  the  MRA  data  indicate  that 
cataracts  (all  types)  were  the  second  cause  of 
blindness  in  the  United  States  in  1970.  By  applying 
the  MRA  rates  to  the  1980  United  States  resident 
population, 3  it  can  be  estimated  that  in  that  year 
more  than  43,000  persons  were  legally  blind  because 
of  cataracts.  Of  these,  approximately  12,000  were 
blind  because  of  prenatal  cataract  and  31,000  be- 
cause of  senile  and  other  types  of  cataracts  or  their 
complications.  An  estimated  total  of  at  least  4,700 
persons  became  blind  from  cataracts  in  1980,  more 
than  one-fifth  of  these  new  cases  had  prenatal 
cataracts,  and  the  rest  had  other  types  of  cataracts. 

The  above  estimates  are  only  approximations  of 
the  magnitude  of  the  blindness  due  to  cataracts.  In 
the  past  10  years,  cataract  management  has 
changed,  including  a  dramatic  increase  in  the  rates 
of  cataract  surgery.4-5  Since  statistics  on  cataract 
blindness  may  have  been  affected  by  these  changes, 
estimates  based  on  MRA  data  are  probably  outdated 
and  should  be  interpreted  with  caution.  It  is 
generally  assumed  that  the  MRA  data  understated 
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new  cases  of  blindness,  because  not  all  blind  people 
in  the  participating  states  were  registered.  Although 
the  degree  of  understatement  is  not  known,  there 
are  indications  that  the  true  incidence  of  blindness 
may  have  been  two  to  three  times  the  register 
incidence. 2  Because  persons  on  blindness  registers 
are  often  eligible  for  public  assistance,  the  underreg- 
istration  may  occur  primarily  among  middle  and 
upper  socioeconomic  groups.  However,  it  is  not 
clear  to  what  degree  the  MRA  data  underestimate 
the  prevalence  of  cataract  blindness,  since  incom- 
plete removal  of  deceased  persons  from  the  registry 
may  have  resulted  in  an  overestimate  of  true 
prevalence.  Because  of  the  uncertainties  about  the 
complete  registration  of  blind  persons  and  because 
the  data  are  ten  years  old,  knowledge  of  cataract 
blindness  is  incomplete. 

Cataract  Incidence 

The  only  existing  data  on  cataract  incidence  (new 
cases  in  a  time  period)  in  a  United  States  population 
group  are  for  congenital  cataracts.  In  the  Metropoli- 
tan Atlanta  Congenital  Defects  Program,  the  yearly 
incidence  of  cataracts  diagnosed  up  to  one  year  of 
age  was  over  0.16  per  1,000  live  births.  6  The  Birth 
Defects  Monitoring  Program  reported  a  rate  of 
congenital  cataract  among  newborns  of  0.07  per 
1,000  births  in  1979. 7  The  Atlanta  rate  may  be 
higher  because  of  differences  in  reporting  and 
ascertainment  of  cases.  Valid  incidence  estimates  for 
other  types  of  cataract  in  the  general  population  are 
not  available. 


Cataract  Prevalence 

There  have  been  few  population-based  studies  of 
cataract  prevalence  (total  number  of  cases  present  at 
a  point  in  time  in  a  specific  area).  The  main  sources 
in  the  United  States  are  the  Framingham  Eye 
Study 8  and  the  National  Health  and  Nutrition 
Examination  Survey  (NHANES). 9  These  studies 
provide  data  on  senile  cataracts  only;  the  prevalence 
of  other  types  of  cataracts  is  unknown. 

The  Framingham  Eye  Study  was  a  National  Eye 
Institute-supported  study  conducted  from  1973  to 
1975. 8  It  measured  the  prevalence  of  senile  cataracts 
and  other  eye  diseases  among  the  surviving  partici- 
pants in  the  Framingham  Heart  Study  supported  by 
the  National  Heart,  Lung,  and  Blood  Institute.  It 
also  provided  data  to  determine  if  any  of  the 
variables  previously  measured  by  the  Heart  Study 
were  associated  with  these  eye  diseases. 9 

A  detailed,  standardized  research  protocol  was 
developed,  adherence  to  which  was  stressed  and 
supervised.  The  lens  examinations  were  conducted 
in  two  stages  (screening  and  definitive)  and  included 
dilation  of  the  pupil,  slit-lamp  biomicroscopy,  and 


direct  ophthalmoscopy.  Definitive  examinations 
were  performed  on  persons  with  aphakia  or  with 
lens  opacities  and  best  corrected  visual  acuity  of  6/9 
(20/30)  or  worse.  The  definitive  examination  was 
made  by  an  experienced  examiner,  who  designated 
as  "senile"  all  cases  of  cataract  that  could  not  be 
ascribed  to  congenital,  secondary,  or  other  specific 
causes.  This  examiner  was  also  asked  to  record 
whether  the  opacity  could  entirely  account  for  the 
deficit  in  visual  acuity.  Included  as  senile  lens 
changes  in  this  survey  were  aphakia  of  senile 
etiology,  early  or  late  cortical  changes,  nuclear 
sclerosis,  posterior  subcapsular  opacities,  or  other 
senile  lens  changes.  Among  2,477  Framingham  Eye 
Study  participants  still  living  in  the  area,  these  senile 
lens  changes  were  present  in  42  percent,  73  percent, 
and  91  percent  of  persons  in  age  groups  52-64,  65- 
74,  and  75-85,  respectively  (Table  1)."  The  bilateral- 
ity  of  this  condition  increased  with  age  from  68 
percent  at  age  52-64  to  95  percent  at  age  75-85. 

Senile  cataract  was  defined  by  lens  changes 
(excluding  early  cortical  changes)  accompanied  by 
visual  acuity  of  6/9  (20/30)  or  worse.  By  this 
definition,  senile  cataract  was  found  in  about  5 
percent  of  persons  at  ages  52-64,  18  percent  at  ages 
65-74,  and  46  percent  at  ages  75-85  (Table  1).  In 
each  age  category,  women  had  higher  prevalence 
than  men.  Aphakia  was  found  in  approximately  3 
percent  of  persons  screened;  the  prevalences  varied 
from  1.4  percent  in  those  under  65  to  over  9  percent 
of  persons  75  years  and  older.  The  number  of  cases 
with  nonsenile  cataract  was  too  small  for  further 
analysis. 

The  Framingham  Eye  Study  provides  the  best 
information  to  date  on  the  prevalence  of  cataract  in 
a  defined  population.  But,  because  these  findings 
came  from  examinations  of  white  residents  of  a 
specific  geographic  area,  Framingham  Eye  Study 
prevalence  estimates  are  difficult  to  generalize  to 
the  United  States  population  as  a  whole.  In  addition, 
the  definition  of  senile  lens  changes  and  of  senile 
cataracts  used  in  the  Framingham  Eye  Study  must 
be  taken  into  account  when  interpreting  its  results. 

The  National  Health  and  Nutrition  Examination 
Survey10  (NHANES)  of  the  National  Center  for 
Health  Statistics  conducted  eye  examinations  on 
about  10,000  persons  in  35  geographic  areas  be- 
tween April  1971  and  October  1972.  The  data 
collected  are  from  a  probability  sample  of  the 
civilian,  noninstitutionalized  population,  weighted 
more  heavily  on  low-income  groups,  older  age 
groups  (with  upper  limit  74  years),  preschool 
children,  and  women  of  childbearing  age.  The  lens 
examination,  carried  out  by  91  ophthalmology 
residents,  included  dilation  of  the  pupil,  slit-lamp 
biomicroscopy,  and  direct  ophthalmoscopy.  With 
the  exception  of  decreased  lucency  of  the  nucleus, 
lens  changes  were  recorded  only  if  observed  with 


35 


Vision  Research— A  National  Plan:  1983-1987 


Report  of  the  Cataract  Panel 


both  instruments.  This  criterion  tended  to  exclude 
early  senile  lens  changes. 

Provisional  national  estimates  for  the  prevalence 
of  cataracts  obtained  from  the  NHANES  are  pre- 


Age  in  Years 


52-64 


65-74 


Senile  Lens  Changes* 

Men 
Women 


75-85 


Total 


37.9 

68.1 

88.2 

54.1 

44.7 

76.7 

93.0 

63.0 

sented  in  Table  2.  The  overall  estimate  that  almost 
10  percent  of  the  population  1  to  74  years  has  lens 
opacities  is  not  very  meaningful  because  of  the  great 
increase  in  prevalence  with  advancing  age.  The  age- 
specific  prevalence  is  more  informative,  and  it 
indicates  that  approximately  60  percent  of  persons 
in  the  65-74  age  group  have  lens  opacities.  This 
estimate  is  somewhat  lower  than  the  73  percent 
prevalence  found  among  the  Framingham  Eye 
Study  participants  in  the  65-74  age  group. 

As  shown  in  Table   3,   the   prevalence  of  lens 
opacities  causing  a  decrease  in  vision  is  estimated  to 


Total 


41.7 


73.2 


91.1 


59.2 


Senile  Cataract** 

Men 
Women 

Total 


4.3 

16.0 

40.9 

13.2 

4.7 

19.3 

48.9 

17.1 

4.5 


18.0 


45.9 


15.5 


TABLE  1.   Percent  Prevalence  of  Senile  Lens  Changes  and  of 
Senile  Cataract  in  the  Framingham  Eye  Study 


*  Aphakia  of  senile  etiology,  early  senile  lens  changes 
(vacuoles,  water  clefts,  spokes,  and  lamellar  separations),  late 
senile  lens  changes  (cortical  cuneiform  opacities,  nuclear 
sclerosis,  posterior  subcapsular  opacities,  and  miscellaneous 
late  senile  changes). 
'*  Aphakia  of  senile  etiology  and  late  lens  changes  accompanied 
by  visual  acuity  of  6/9  (20/30)  or  worse. 


Age  Group 
Both  Sexes 


Percent 
Prevalence 


Number  in 
Thousands 


1-5 

0.4 

75 

6-11 

0.6 

157 

12-17 

1.3 

327 

18-24 

2.4 

513 

25-34 

2.8 

715 

35-44 

4.1 

982 

45-54 

12.2 

2,854 

55-64 

27.6 

5,133 

65-74 

57.6 

7,323 

Males  1- 

-74 

8.4 

7,828 

Females 

1-74 

10.3 

10,251 

All 

9.4 

18,080 

Standard  Error 

0.4 

TABLE  2.  Prevalence  of  Lens  Opacities  Among  the  Population 
1  to  74  Years  By  Age  and  Sex,  United  States,  1971-1972* 


•Provisional  Data  from  the  National  Health  and  Nutrition 
Examination  Survey  of  1971-1972.  National  Center  for  Health 
Statistics,  Division  of  Health  Examination  Statistics,  1981. 


Age  Group 
Both  Sexes 


Percent 
Prevalence 


1-5 

6-11 

12-17 

18-24 

25-34 

35-44 

45-54 

55-64 

65-74 

Males  1-74 

Females  1-74 

All 


0.1 

0.2 
0.3 
0.2 
0.8 
2.6 
10.0 
28.5 
3.1 
3.6 
3.4 


TABLE  3.  Prevalence  of  Lens  Opacities  Causing  Decrease  in 
Vision  Among  the  Population  Ages  1  to  74  Years  by  Age  and 
Sex,  United  States,  1971-1972' 


•Provisional  Data  from  the  National  Health  and  Nutrition 
Examination  Survey  of  1971-1972.  National  Center  for  Health 
Statistics,  Division  of  Health  Examination  Statistics,  1981. 


be  28.5  percent  in  persons  65-74  years.  In  the 
Framingham  Eye  Study,  the  comparable  prevalence 
was  18  percent.  These  discrepancies  are  not  major 
and  could  be  explained  by  differences  in  diagnostic 
criteria  between  the  studies. 

Future  analyses  of  the  NHANES  data  will  permit 
comparisons  in  prevalence  by  such  factors  as  race 
and  region,  thus  providing  valuable  information  on 
cataract  epidemiology.  However,  a  major  weakness 
of  this  study  was  that  a  sizable  percentage  (over  28 
percent)  of  persons  in  the  sample  failed  to  partici- 
pate in  the  examinations. 

The  National  Health  Interview  Survey  (HIS),  a 
continuing  sample  survey  of  the  noninstitutional- 
ized,  civilian  United  States  population,  is  an  addi- 
tional source  of  data  on  prevalence  and  incidence  of 
cataracts.  Data  on  visual  impairments  and  cause  of 
the  impairment  are  obtained  by  questioning  mem- 
bers of  households  about  their  own  vision  or  that  of 
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other  household  members.  The  estimates  of  cataract 
occurrence  from  this  survey  should  be  interpreted 
in  the  light  of  the  limited  validity  of  interview  data. 
In  addition,  the  estimates  exclude  persons  in  institu- 
tions, such  as  nursing  homes,  where  a  high  preva- 
lence of  cataracts  may  be  expected. 

According  to  unpublished  estimates  from  the 
1977  HIS,  almost  4  million  persons,  or  2  percent  of 
the  population,  had  cataract. "  The  prevalence 
increased  from  0.3  percent  at  ages  17-44  to  1.7 
percent  at  ages  45-64  and  12.6  percent  at  age  65 
years  and  over.  These  are  clearly  underestimates, 
since  actual  examination  of  individuals  shows  much 
higher  prevalence  figures.  Data  from  this  survey 
suggesting  that  400,000  persons  develop  cataracts 
each  year  are  not  valid  incidence  estimates  for  the 
reasons  outlined  above.  However,  evidence  from 
this  survey  that  cataracts  were  the  major  cause  of 
visual  impairment  is  of  interest.  Cataracts  were 
reported  as  the  cause  of  35  percent  of  the  existing 
visual  impairments  and  53  percent  of  the  new  visual 
impairments  with  known  etiologies. 12 

In  sum,  the  available  prevalence  data  from  the 
United  States  are  limited.  Only  two  studies  are 
based  on  actual  examination  of  the  population,  and 
other  published  estimates  of  incidence  and  preva- 
lence are  based  on  responses  to  interviews.  In 
addition,  the  studies  did  not  agree  on  the  definition 
of  cataract  and  lens  changes. 

Evaluation  of  the  available  data  permits  the 
following  estimates: 

•  Cataracts  are  the  second  most  frequent  cause 
of  existing  and  new  cases  of  registered  blind- 
ness. 2 

•  Cataract  blindness  increases  with  age  and  is 
higher  among  females  than  males. 2 

•  At  least  43,000  persons  were  legally  blind 
because  of  cataracts,  and  at  least  4,700  became 
blind  from  cataracts  in  1980. 

•  Cataracts  are  the  major  cause  of  self-reported 
visual  impairment.  Over  one-third  of  the  exist- 
ing cases  of  visual  impairment  of  presumed 
known  cause  are  attributed  to  cataracts  by 
respondents.  For  new  cases  of  visual  impair- 
ment, this  fraction  is  over  one-half. 12 

•  In  one  geographic  area,  cataracts  were  present 
in  1.6  per  10,000  live  births. 6 

•  No  studies  have  directly  measured  cataract 
incidence  rates. 

•  Prevalence  data  are  available  for  senile  cata- 
racts. In  one  study,  senile  aphakia  and  early 
and  late  senile  lens  changes  were  present  in  42 
percent,  73  percent,  and  91  percent  of  persons 
in  age  groups  52-64,  65-74,  and  75-85  years, 
respectively.    Senile    aphakia    and    late    lens 


changes  plus  visual  acuity  limitation  were 
present  in  5  percent,  18  percent,  and  46 
percent  of  persons  in  similar  age  groups.  Lens 
changes  were  more  frequent  among  females 
than  males. 8 

•  Provisional  estimates  of  a  national  study  of 
persons  1-74  years  of  age  indicate  that  lens 
opacities  are  present  in  approximately  60 
percent  of  persons  65-74  years  of  age.  About 
one-fourth  of  individuals  in  this  age  group 
have  decreased  vision  because  of  lens  opac- 
ities. 10 

Data  on  Hospital  and  Physician  Visits 

Data  on  hospital-based  discharge  diagnoses  and 
operative  procedures  are  available  separately  from 
Federal  and  non-Federal  sources.  Non-Federal  hos- 
pitals account  for  about  95  percent  of  all  cataract 
discharges.  Data  on  non-Federal,  short-stay  hospital 
discharges  are  available  from  two  surveys:  the 
United  States  Hospital  Discharge  Survey  (HDS) 
conducted  by  the  National  Center  for  Health 
Statistics,  and  the  Hospital  Record  Study  (HRS) 
conducted  jointly  by  the  Commission  on  Profession- 
al and  Hospital  Activities  and  IMS  America  Limit- 
ed. 

Cataracts  are  the  most  common  reason  for  eye 
surgery  and  hospitalization,  accounting  for  over  40 
percent  of  all  eye  operations. 13,14  About  97  percent 
of  hospital  discharges  for  cataract  are  for  noncon- 
genital  types  of  cataract;  most  of  these  discharges 
are  for  senile  and  unspecified  cataracts  (Table  4). 13 
According  to  the  1980  HDS  data,  528,000  hospital 
discharges  had  noncongenital  types  of  cataract  as  a 
diagnosis;  for  431,000  of  these  it  was  the  first  listed 
diagnosis  (Table  5). u  Cataract  discharges  were 
more  common  for  women  than  men  and  increased 
sharply  with  age  (Table  5).  Patients  discharged  with 
cataract  as  their  first  listed  diagnosis  had  an  average 
length  of  stay  of  3.6  days  and  about  1.5  million  days 
of  hospital  care  in  1979. 13 

Data  from  HDS  and  HRS  show  that  intracapsular 
cataract  extractions  increased  at  the  rate  of  4.2 
percent  per  year  from  1968  to  1976. 4  A  177  percent 
increase  in  cataract  operations  on  Medicare 
beneficiaries  from  1965  to  1977  has  been  reported.5 
There  is  little  doubt  that  a  great  increase  in  cataract 
surgery    has    occurred    over    the    last    few    years. 

According  to  the  HDS,  an  estimated  541,000 
cataract  extractions  were  performed  in  1981; 
366,000  of  these  were  intracapsular  extraction  pro- 
cedures (Table  6).  The  number  of  intraocular  lens 
implants  has  greatly  increased  in  recent  years:  from 
an  estimated  135,000  in  1979 13  to  297,000  in  1981 
(Table  6).  Intraocular  lenses  were  implanted  in  32 
percent  of  lens  extractions  in  1979  and  in  55  percent 
of   such    extractions    in    1981    (Table    7);    similar 
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Type  of  Cataract 
ICD-9-CM  Code 


First  Listed  Diagnosis 


Number 


Percent 


All  Listed  Diagnoses 


Number 


Percent 


All  Types 

743.3  Congenital  cataract 
and  lens  anomalies 

.30  Unspecified 

.31  Capsular  and  subcapsular 

.32  Cortical  and  zonular 

.33  Nuclear 


393 
10 

3 
3 
1* 
3 

383 

2* 

121 
4 
4 

250 
2 


TABLE  4.  Number  (in  thousands)  and  Percentage  Distribution 
of  Cataract  Discharge  Diagnoses  from  Short-Stay  Non-Federal 
Hospitals  by  Type  of  Cataract  Diagnosis,  United  States,  1979. 
Source:  National  Center  for  Health  Statistics.  Detailed  diagnosis 
and  surgical  procedures  for  patients  discharged  from  short-stay 
hospitals,  United  States,  1979. 


366  Cataract  (noncongenital) 

.0 

Infantile,  juvenile, 
presenile 

.1 

Senile 

.2 

Traumatic 

.5 

After-cataract 

.9 

Unspecified 

All  others 

100.0 

2.5 

0.8 
0.8 
0.2 
0.8 

97.5 

0.5 

30.8 
1.0 
1.0 

63.6 
0.5 


•Unreliable  estimate. 


First  Listed  Diagnosis 


484 
15 

4 
5 
3 
3 

469 

2 

134 

7 

4 

318 

4 


100.0 
3.1 

0.8 
1.0 
0.6 
0.6 

96.9 

0.4 

27.7 
1.4 
0.8 

65.7 
0.8 


All  Listed  Diagnoses 


Number  in 

Rate  per 

Number  in 

Rate  per 

thousands 

10,000 

thousands 

10,000 

431 

19.3 

528 

23.7 

5 

0.1 

8 

0.2 

13 

1.3 

17 

1.6 

98 

22.1 

116 

26.2 

315 

129.4 

387 

158.9 

179 

16.6 

221 

20.5 

252 

21.8 

307 

26.6 

All  ages,  both  sexes 
Under  15  years 
15  to  44  years 
45  to  64  years 
65  years  and  over 

Males 

Females 


TABLE  5.  Number  and  Rate  of  Discharge  Diagnoses  for  Non- 
congenital  Cataract  (ICD-9-CM  366),  by  Age  and  Sex,  from 
Short-Stay  Non-Federal  Hospitals  United  States,  1980* 


•National  Center  for  Health  Statistics.  Utilization  of  short-stay 
hospitals:  Annual  Summary  for  the  United  States,  1980. 


percentages — 33  percent  and  55  percent — were 
found  by  the  HRS. 15  Persons  65  years  and  over  had 
the  highest  rate  of  intraocular  lens  insertion,  which 
increased  from  48.4  per  10,000  in  1979  13  to  92.1  per 
10,000  in  1981  (Table  7).  Data  from  the  1982  HRS  I5 


suggest  that  the  number  of  cataract  extractions  and 
intraocular  lens  implants  continues  to  increase.  The 
HRS  estimates  that  618,000  cataract  extractions  and 
427,000  intraocular  lens  insertions  were  performed 
in   1982.  Thus,  according  to  the  HRS,  intraocular 
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Type  of  Procedure 

All 
Ages 

Under 
15  years 

15-44 
years 

45-64 
years 

65  years 
&  older 

ICD-9-CM  Code 

No. 

Rate 

No. 

Rate 

No. 

Rate 

No. 

Rate 

No. 

Rate 

Extraction  of  Lens: 

13.1  Intracapsular 

366 

16.1 

3 

0.5 

8 

0.7 

71 

15.9 

285 

108.5 

13.2-13.5  Extra- 
capsular 

160 

7.0 

2* 

0.4 

7 

0.6 

31 

7.1 

120 

45.7 

13.6  Other 

15 

0.6 

1* 

0.1 

1* 

0.1 

3 

0.6 

10 

4.0 

Insertion  of 
Intraocular  Lens: 

13.7  Insertion  of 
prosthetic  lens 

297 

13.0 

<1* 

<0.1* 

2* 

0.2* 

53 

11.9 

242 

92.1 

TABLE  6.  Number  (in  thousands)  and  Rate  (per  10,000)  of 
Operations  on  Lens,  by  Age  and  Type  of  Procedure,  for 
Inpatients  Discharged  from  Short-Stay  Non-Federal  Hospitals, 
United  States,  1981.  Source:  National  Center  for  Health 
Statistics.  Unpublished  data  from  the  1981  Hospital  Discharge 
Survey. 

•Unreliable  estimate. 


Type  of  Procedure 

All 

Age' 

15-44 
years 

45-64 
years 

65  years 
&  older 

ICD-9-CM  Code 

1979 

1981 

1979 

1981 

1979 

1981 

1979 

1981 

Extraction  of  Lens: 

13.1  Intracapsular 

16.2 

16.1 

1.2 

0.7 

15.6 

15.9 

114.7 

108.5 

13.2-13.5  Extra- 
capsular 

2.7 

7.0 

0.4 

0.6 

3.9 

7.1 

14.5 

45.7 

13.6  Other 

0.3 
19.2 

0.6 

23.7 

*0.1 
1.7 

*0.1 
1.4 

0.5 
20.0 

0.6 

23.6 

1.7 

4.0 

Total  Extractions 

130.9 

158.2 

Insertion  of 

Intraocular  Lens: 

13.7  Insertion  of 
prosthetic  lens 

6.2 

13.0 

*0.2 

*0.2 

4.6 

11.9 

48.4 

92.1 

Intraocular  Lens  Insertions  as  a 
Percentage  of  All  Extractions 


32%       55% 


12%       14% 


23%       50% 


37%       58% 


TABLE  7.  Rate  (per  10,000)  of  Operations  on  Lens,  by  Age  and 
Type  of  Procedure,  for  Inpatients  Discharged  from  Short-Stay 
Non-Federal  Hospitals,  United  States,  1979  and  1981.  Source: 
National  Center  for  Health  Statistics.  Unpublished  Data  from  the 
1981  Hospital  Discharge  Survey. 

•Unreliable  estimate. 

lens  implants  accompanied  69  percent  of  cataract 
extractions  in  1982,  a  much  larger  percentage  than 
the  55  percent  estimated  for  1981.  The  large 
increase  in  cataract  surgery  shown  by  the  1982  HRS 
could  be  partly  due  to  sampling  and  nonsampling 
errors,  or  it  could  reflect  a  real  trend. 

The  FDA  study  on  intraocular  lenses  16  estimated 
that  409,000  such  lenses  were  implanted  during  the 
last  twelve  months.  This  estimate  is  not  strictly 
comparable  to  the  HDS  and  HRS  estimates,  which 


refer  to  number  of  implant  procedures,  not  number 
of  lenses  implanted.  In  addition,  the  FDA  estimate 
is  not  limited  to  intraocular  lenses  implanted  in 
short-stay  non-Federal  hospitals;  it  also  includes 
operations  performed  in  centers  for  ambulatory 
surgery  (where  most  cataract  patients  have  intraoc- 
ular lens  implants)  or  in  governmental  facilities 
(where  the  reverse  may  be  true).  The  lack  of 
complete  data  on  the  number  of  such  operations 
does  not  permit  firm  conclusions,  but  it  is  possible 
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that  intraocular  lenses  are  currently  being  implanted 
in  65  percent  to  70  percent  of  all  lens  extractions. 

Interpretation  of  data  on  cataract  operations  must 
consider  that  the  number  of  such  procedures  does 
not  provide  an  exact  estimate  of  the  number  of 
persons  having  cataract  surgery.  Patients  having  a 
bilateral  operation  in  a  single  hospitalization  are 
counted  once,  but  when  one  eye  is  operated  on  first 
and  the  other  at  a  later  date,  such  cases  are  counted 
twice.  In  addition,  the  HDS  and  the  HRS  only 
provide  data  on  operations  performed  in  non- 
Federal,  short-stay  hospitals. 

Data  on  ambulatory  visits  to  office-based  physi- 
cians for  cataracts  are  available  from  the  National 
Ambulatory  Medical  Care  Survey.  This  is  a  con- 
tinuing sample  survey  conducted  by  the  National 
Center  for  Health  Statistics  since  1974.  The  data 
obtained  are  for  visits,  not  for  individual  patients,  so 
they  do  not  permit  an  estimate  of  the  number  of 
persons  who  seek  medical  care  for  cataracts.  In 
1979,  an  estimated  3.4  million  visits  were  considered 
to  be  caused  by  cataracts,  and  1.3  million  were  due 
to  aphakia. 17  Probably  the  two  categories  overlap, 
because  some  persons  may  have  been  coded  under 
"cataract"  on  the  first  visits  and  "aphakia"  on 
subsequent  visits. 

Over  900,000  office  visits  were  classified  as  new 
visits  for  cataracts  in  1978.  This  figure  may  overesti- 
mate the  number  of  new  patients  seeking  care  for 
cataracts,  since  the  same  person  may  have  been 
coded  as  a  new  case  more  than  once,  for  example,  in 
the  event  of  a  referral  or  when  consulting  several 
ophthalmologists.  On  the  other  hand,  the  data 
underestimate  the  number  of  visits  for  cataracts, 
since  they  exclude  care  given  in  hospitals,  clinics, 
and  nursing  homes. 

Thus,  it  is  evident  that  available  data  on  hospital- 
ization and  medical  care  for  cataracts  have  some 
limitations.  The  following  conclusions  are  possible: 

•  In  1980,  noncongenital  cataracts  were  listed  in 
528,000  discharge  diagnoses  from  short-stay, 
non-Federal  hospitals,  and  were  the  first-listed 
diagnosis    in    431,000   of  these    discharges.14 

•  There  were  approximately  470,000  lens  extrac- 
tion procedures  in  short-stay,  non-Federal 
hospitals  in  1980. 14 

•  The  rate  of  cataract  surgery  has  greatly 
increased  over  the  last  few  years. 4,a 

•  In  1979,  3.4  million  visits  to  office-based 
physicians  were  attributed  to  cataracts  and  1.3 
million  to  aphakia. 17 

•  Over  900,000  office  visits  were  due  to  cata- 
racts as  a  new  problem  in  1978. 17 


Present  State  of  the  Field 

The  epidemiology  of  cataracts  is  an  emerging  field. 
A  major  problem  is  the  shortage  of  qualified 
investigators,  but  the  few  who  are  working  in  this 
area  have  made  important  advances  toward  measur- 
ing the  prevalence  of  senile  cataracts  and  identifying 
possible  risk  factors.  Still,  much  work  remains  to  be 
done.  The  incidence  and  prevalence  of  most  types 
of  cataracts  have  not  been  determined,  the  extent  of 
the  visual  deficit  attributed  to  treated  and  untreated 
cataracts  is  not  known,  and  data  on  the  distribution 
of  cataracts  in  the  population  are  incomplete. 
Residents  of  some  geographic  areas,  such  as  parts  of 
India,  have  a  very  high  prevalence  of  cataract,  but 
the  reasons  are  not  known. 18  The  possible  causes  of 
such  cataracts  and  the  role  of  genetic  versus 
environmental  factors  remain  to  be  determined.  In 
addition,  important  questions  need  to  be  answered 
concerning  the  best  approaches  to  patient  manage- 
ment. 

Epidemiology  can  make  a  substantial  contribution 
to  attaining  the  goals  of  the  National  Eye  Institute 
Cataract  program  by  addressing  some  of  these 
issues.  At  present,  the  most  important  challenge  for 
future  epidemiologic  research  is  to  implement  ana- 
lytic studies  that  will  determine  risk  factors  for  the 
development  of  cataracts.  Descriptive  and  experi- 
mental studies  can  also  make  substantial  contribu- 
tions. 

Epidemiology  contributes  to  all  cataract  research. 
Epidemiologists  are  interested  in  the  research  of 
basic  scientists,  whose  work  may  provide  etiologic 
clues  to  cataracts  which  can  then  be  tested  by 
epidemiologic  studies.  Research  into  classification 
and  measurement  of  cataracts  is  another  important 
related  area.  Clinical  research  in  diagnostic  and 
therapeutic  techniques  is  also  of  major  interest,  since 
epidemiologists  can  help  in  evaluating  such  meth- 
ods. 

Epidemiology  has  interests  in  common  with  many 
other  disciplines,  such  as  biostatistics,  environmental 
and  occupational  health,  genetics,  and  toxicology.  It 
is  also  related  to  other  cross-cutting  research  areas, 
such  as  aging  and  diabetes,  which  are  of  major 
importance  in  cataract  development. 


SUBPROGRAM 
OBJECTIVES 


To  assist  in  the  development  of  an  objective, 
reproducible,  and  standardized  classification  of 
cataract  type  and  severity. 

To  obtain  valid  and  reliable  data  on  the  incidence 
and  prevalence  of  cataracts,  visual  impairment 
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from  cataracts,  and  their  variations  according  to 
time,    place,    and    subgroup    of  the    population. 

To  determine  the  role  of  various  environmental 
and  genetic  factors  in  cataract  etiology. 

To    evaluate    diagnostic    and    therapeutic    tech- 
niques in  cataract  management. 

To  train  investigators  in  cataract  epidemiology. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

There  are  few  ongoing  projects  in  cataract  epidemi- 
ology. In  the  United  States,  most  of  the  research  in 
this  area  has  been  conducted  by  the  National  Eye 
Institute's  Office  of  Biometry  and  Epidemiology, 
which  is  currently  involved  in  the  analysis  of  the 
cataract  data  collected  by  the  Framingham  Eye 
Study. 

At  the  International  Center  for  Epidemiologic 
and  Preventive  Ophthalmology,  a  study  of  cataracts 
among  certain  occupational  groups  is  being  con- 
ducted. This  project  is  related  to  one  of  this 
subprogram's  objectives,  namely,  the  identification 
of  risk  factors,  and  involves  the  effort  of  the 
equivalent  of  one  full-time  investigator.  With  regard 
to  the  other  subprogram  objectives,  research  grant 
support  exists  for  projects  in  cataract  classification 
and  evaluation  of  treatment  techniques  (one  ran- 
domized controlled  clinical  trial  in  Great  Britain). 
Although  these  efforts  are  of  good  quality,  they  are 
limited  in  number.  For  this  reason,  the  subprogram 
objectives  are  not  currently  being  fully  attained. 


RECENT 
ACCOMPLISHMENTS 

In  the  past  five  years,  important  advances  have  been 
made  in  the  epidemiology  of  cataract. 

Cataract  Classification 

Progress  has  been  made  through  the  work  of  the 
Cooperative  Cataract  Research  Group  (CCRG)  in 
developing  a  standardized  classification  of  cataracts, 
but  so  far  this  has  been  limited  to  an  in  vitro  rather 
than  in  vivo  description. 

It  has  been  recognized  that  the  senile  cataract 
category  is  too  broad  and  that  the  various  types  of 
senile  lens  changes  should  be  analyzed  separately. 
An  accomplishment  in  this  area  was  the  research  of 


National  Eye  Institute  investigators  on  the  associ- 
ation of  aging-related  maculopathy  with  nuclear  and 
cortical  opacities.  Through  the  use  of  Framingham 
Eye  Study  data,  no  relationship  was  found  between 
maculopathy  and  all  types  of  lens  changes  com- 
bined. 19  However,  when  these  were  evaluated 
separately,  maculopathy  had  a  negative  association 
with  nuclear  sclerosis  and  a  positive  association 
with  cortical  opacities. 20  This  could  possibly  be 
attributed  to  a  protective  filtering  effect  of  the 
nuclear  pigment  in  the  lens,  which  would  prevent 
macular  damage  from  light  exposure. 


Measuring  Prevalence 

The  implementation  of  the  Framingham  Eye  Study 
permitted  an  assessment  of  the  prevalence  of  care- 
fully defined  senile  lens  changes  in  a  given  popula- 
tion, and  a  study  of  the  distribution  of  such  changes 
in  the  population  according  to  many  variables. 
Further  analysis  of  the  NHANES  data  may  also  be 
an  important  source  of  information  on  cataract 
epidemiology. 

Another  accomplishment  is  the  planning  of  the 
National  Eye  Institute's  Visual  Acuity  Impairment 
Survey  (VAIS),  whose  pilot  phase  began  in  1981. 
This  survey  will  provide  information  on  the  preva- 
lence of  visual  impairment  and  its  causes,  including 
cataract,  in  the  United  States. 


Determining  Risk  Factors 

Progress  has  been  made  in  identifying  the  associ- 
ation of  senile  cataracts  with  several  factors  that 
may  play  a  role  in  pathogenesis. 

Ultraviolet  Light.  It  is  possible  that  sunlight  and 
artificial  light  sources  emitting  light  of  300-400  nm 
wavelengths  increase  the  risk  of  senile  and  other 
types  of  cataracts.  The  hypothesis  of  an  association 
between  human  cataracts  and  sunlight  exposure  has 
been  supported  by  recent  studies.  In  the  MRA  and 
NHANES  data,  a  relationship  was  found  between 
cataracts  in  different  areas  of  the  United  States  and 
the  duration  of  sunlight  in  these  areas.  This  associ- 
ation was  most  evident  among  older  persons. 21 
Among  Australian  aborigines,  another  study  indicat- 
ed a  relationship  between  latitude,  hours  of  sunlight, 
annual  ultraviolet  radiation,  and  cataracts. 22  Studies 
of  extracted  cataracts  from  people  living  in  various 
geographic    areas    have    shown    similar    results. 23 

It  is  important  to  note  that  individual  lifetime 
exposure  to  ultraviolet  light  was  not  measured  in 
any  of  the  above  studies.  Future  studies  should 
attempt  to  document  individual  exposure  to  ultravi- 
olet light  to  provide  a  more  specific  test  of  the 
hypothesis. 
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Diabetes.  The  role  of  diabetes  as  a  risk  factor  in 
senile  cataracts  has  been  a  controversial  topic. 
Recent  work  at  the  National  Eye  Institute  has 
shown  the  existence  of  an  association  between 
diabetes  and  cataract  in  both  the  Framingham  Eye 
Study  and  NHANES  populations. '  This  study 
found  that  the  prevalence  of  cataracts  was  three  to 
four  times  higher  in  diabetibs  than  nondiabetics 
under  65  years  of  age.  Among  older  persons, 
however,  no  marked  differences  could  be  shown. 
The  results  of  this  and  other  studies  suggest  that 
diabetics  under  age  65  are  at  greater  risk  of  having 
cataracts  than  nondiabetics.  24,25 

Other  Systemic  Factors.  As  part  of  the  Fra- 
mingham Eye  Study,  the  relationship  between 
cataracts  and  the  variables  previously  measured  by 
the  Framingham  Heart  Study  was  determined. 9 
Casual  blood  sugar,  systemic  blood  pressure,  vital 
capacity,  serum  phospholipids,  short  stature,  low 
educational  status,  and  hand  strength  were  associat- 
ed with  the  presence  of  cataracts.  9 

The  Edinburgh  study  reported  many  differences 
in  systemic  factors  between  cataract  patients  and 
age/sex  matched  controls.26,27  As  in  the  Fra- 
mingham Eye  Study,  positive  associations  with  high 
blood  sugar  and  high  blood  pressure  were  found. 
Cataract  patients  reported  more  use  of  antihyperten- 
sive drugs  and  topical  miotics  and  steroids  than 
controls,  but  less  use  of  alcohol.  Higher  levels  of 
plasma  urea  and  lower  levels  of  plasma  cholesterol, 
protein,  and  carbon  dioxide  were  found  in  the 
cataract  group. 26,27 

The  interpretation  of  these  findings  is  not  clear, 
since  they  may  not  be  independently  associated  with 
cataracts  but  with  other  common  factors.  The 
existence  of  these  associations  requires  independent 
confirmation  by  other  studies  of  cataract  risk  fac- 
tors. 

Training  Investigators 

One  of  the  major  problems  in  developing  this 
research  area  is  the  lack  of  qualified  investigators 
with  interest  and  expertise  in  epidemiology  and 
cataracts.  In  recent  years,  the  National  Eye  Insti- 
tute's Office  of  Biometry  and  Epidemiology  has 
conducted  seminars  in  biostatistics  and  epidemiolo- 
gy during  the  annual  meeting  of  the  American 
Academy  of  Ophthalmology.  A  special  course  was 
offered  recently  to  eye  and  vision  researchers  on 
quantitative  methodology.  In  addition,  a  book  on 
epidemiology  and  statistics  for  ophthalmologists 
recently  has  been  published. 2S  Although  these  ef- 
forts are  not  specifically  directed  to  cataract  investi- 
gators, they  represent  important  steps  in  increasing 
knowledge  of  epidemiologic  methods  among  eye 
researchers. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Development  of  an  Objective,  Reproducible, 
and  Standardized  Classification  of  Type 
and  Severity  of  Cataract 

Major  problems  in  cataract  research  have  been  the 
lack  of  a  uniformly  accepted  definition  and  ade- 
quate measurement  and  classification  schemes.  Most 
criteria  for  classification  are  based  on  anatomical  or 
etiologic  factors.  Those  based  on  etiology  are  of 
limited  usefulness,  since  little  is  known  regarding 
the  etiology  of  senile  cataract,  by  far  the  most 
common  type.  As  a  result,  senile  cataract  is  diag- 
nosed by  exclusion,  since  it  is  defined  by  lens 
changes  that  cannot  be  ascribed  to  congenital, 
traumatic,  or  secondary  causes.  Therefore,  most 
patients  are  grouped  together  into  a  single,  large, 
heterogeneous  category.  To  complicate  matters 
further,  some  investigators  diagnose  the  presence  of 
cataract  only  if  visual  acuity  is  reduced.  Thus,  their 
definition  of  cataract  is  primarily  functional  and  not 
related  to  anatomical  status. 

Schemes  based  on  anatomic  characteristics  also 
present  problems.  They  are  difficult  to  standardize 
because  of  the  diversity  in  the  location,  degree,  and 
morphology  of  the  opacities.  Traditionally,  cata- 
racts have  been  classified  into  nuclear,  cortical, 
subcapsular,  and  capsular  types,  which  are  thought 
to  be  distinct  in  their  histologic,  biochemical,  and 
physiological  properties.  However,  some  investiga- 
tors believe  that  heterogeneous  subgroups  may  be 
concealed  in  these  broad  groupings. 

The  problems  caused  by  the  variety  of  definitions 
are  compounded  by  the  variety  of  examination 
methods.  The  development  of  a  standardized  ana- 
tomic classification  has  been  hampered  by  the 
reliance  on  subjective  evaluation  and  a  lack  of  an 
objective,  reproducible,  in  vivo  documentation 
technique.  The  use  of  slit-lamp  and  direct  ophthal- 
moscope requires  a  subjective  assessment  of  the  lens 
by  the  examiner,  thus  introducing  the  problem  of 
observer  variation.  In  both  clinical  and  population 
studies,  subjectivity  has  a  major  influence  on  the 
definition  and  classification  of  cataracts.  Compari- 
sons between  studies  are  difficult  because  of  the  use 
of  different  diagnostic  criteria. 

Some  new  in  vivo  and  in  vitro  techniques  offer 
the  promise  of  greater  standardization,  but  they 
need  testing  for  validity  and  reliability.  It  is  hoped 
that  the  photographic  and  other  optical  techniques 
currently  under  development  will  eventually  be  able 
to  provide  adequate  documentation  of  the  severity 
of  various  types  of  lens  changes. 

Because  of  the  problems  outlined  above,  quantifi- 
cation of  cataracts  in  vivo  is  a  major  priority.  It  is 
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necessary  to  develop  an  objective,  reproducible, 
standardized  classification  for  both  type  and  sever- 
ity of  cataract.  Such  a  classification  ideally  should 
take  into  account  the  anatomical  and  functional 
effects  of  opacities  in  the  lens. 

Advances  in  cataract  epidemiology  will  be  im- 
peded until  the  measurement  methods  and  instru- 
ments used  by  various  investigators  can  produce 
reproducible  results.  Currently,  several  efforts  are 
being  made  in  this  direction  and  they  should  be 
actively  encouraged.  Epidemiologists  can  play  an 
important  role  by: 

•  Providing  insights  into  the  areas  that  require 
better  methodology  and  instrumentation. 

•  Designing  studies  to  test  the  adequacy  and 
accuracy  of  newly  developed  methods  and 
instruments. 

The  development  of  a  standardized  classification 
and  measurement  of  cataract  will  require  a  multidis- 
ciplinary  effort. 

Production  of  Valid  and  Reliable  Data  on 
Cataract  Occurrence 

Limited  data  are  available  on  the  incidence  and 
prevalence  of  the  different  types  of  cataract  in  the 
general  population,  characteristics  of  persons  affect- 
ed, extent  of  their  visual  impairment,  existence  of 
possible  geographic  differences,  and  time  trends. 
Data  on  surgical  procedures  and  medical  visits  are 
readily  available  but  are  limited  in  their  usefulness 
for    estimating    cataract    incidence    or    prevalence. 

Continuing  studies  of  incidence  and  prevalence 
are  extremely  expensive  and  difficult  to  implement. 
One  way  of  obtaining  longitudinal  data  would  be  to 
conduct  eye  examinations  in  conjunction  with 
future  NHANES,  which  are  conducted  every  few 
years.  Another  possibility  would  be  to  resurvey  the 
Framingham  Eye  Study  cohort,  but  this  would  limit 
the  study  to  elderly  persons,  since  the  youngest  age 
of  the  participants  is  now  about  60  years.  Cataract 
studies  could  also  be  conducted  in  communities 
where  periodic  surveys  of  the  population  are  made 
or   where    population    data   are    readily   available. 

Data  on  visual  impairment  and  blindness  from 
cataracts  are  also  important  to  determine.  The  role 
of  cataracts  as  a  cause  of  visual  impairment  (20/40 
or  worse)  may  be  determined  by  the  National  Eye 
Institute's  Visual  Acuity  Impairment  Survey,  and 
additional  data  will  be  available  from  the 
NHANES.  However,  no  current  analysis  has  been 
made  of  the  importance  of  cataracts  as  a  cause  of 
blindness,  since  the  latest  data  available  are  for  1970. 
Because  the  results  of  surgical  treatment  are  gener- 
ally quite  favorable  and  a  great  increase  in  cataract 
extractions  in  the  United  States  has  occurred,  it  is 
necessary  to  know  the  current  situation  with  cata- 


ract blindness.  Not  only  is  it  important  to  determine 
the  number  of  persons  with  severe  visual  loss  from 
cataracts,  but  also  the  reasons  why  this  impairment 
has  gone  uncorrected.  Possible  barriers  to  treatment 
could  then  be  addressed. 

One  approach  to  the  problem  would  be  to 
identify  or  develop  areas  with  complete  blindness 
registration  and  determine  the  importance  of  cata- 
ract as  a  cause  of  blindness,  the  treatment  or  lack  of 
treatment  received,  and  the  reasons  why  persons 
become  blind  from  cataract. 

Determination  of  the  Role  of  Environmental 
and  Genetic  Factors  in  the  Etiology  of 
Cataract 

A  major  objective  for  epidemiologic  studies  of 
cataracts  is  to  determine  risk  factors.  The  identifica- 
tion of  these  factors  can  lead  to  understanding  the 
etiology,  which  is  a  major  goal  of  the  Cataract 
program.  Although  cataracts  may  be  multifactorial 
in  origin,  the  identification  of  some  of  these  factors 
may  lead  to  preventing  cataracts  or  delaying  their 
onset.  If  cataract  development  could  be  retarded 
enough  to  delay  surgical  treatment  by  10  years,  the 
number  of  cataract  operations  each  year  would  be 
reduced  by  an  estimated  45  percent. 29  Such  a 
reduction  would  afford  a  substantial  savings  in 
health  care  expenditures  alone. 

Several  hypotheses  of  cataract  etiology  have 
resulted  from  basic,  clinical,  and  epidemiologic 
research.  Testing  such  hypotheses  in  human  popula- 
tions should  be  a  major  thrust  of  future  epidemiolo- 
gic studies. 

Ultraviolet  Light.  There  is  increasing  evidence  of 
an  association  between  ultraviolet  light  (UVL)  and 
cataracts.  Long  wavelength  UVL  may  trigger  lens 
opacities  through  the  initiation  of  photochemical 
processes  that  lead  to  changes  in  the  chemical  and 
physical  states  of  lens  proteins.30,31  (See  Chapter  6, 
"Cataract   Induced   by   Environmental   and   Toxic 

Effects"). 

The  contribution  of  ultraviolet  light  to  human 
cataracts  probably  depends  on  the  degree  of  expo- 
sure (latitude,  amount  of  outdoor  activities,  length 
of  exposure),  individual  susceptibility,  nutrition,  or 
other  variables.  Elucidation  of  this  possible  risk 
factor  assumes  an  added  importance  because 
changes  in  lifestyle,  as  well  as  industrial  and  medical 
advances,  have  increased  population  exposure  to 
radiant  energy  in  the  wavelengths  that  can  poten- 
tially damage  ocular  tissues.  Aside  from  occupation- 
al and  recreational  exposures  to  sunlight,  exposure 
to  UVL  has  generally  increased  in  recent  years. 
Chemists,  laundry  workers,  currency  examiners, 
and  entertainers  have  a  high  degree  of  exposure  to 
long  wave  UVL.  Dentists  are  also  using  such  light 
to  polymerize  tooth  sealants,  and  a  similar  system  is 
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used  in  orthopedic  cast  setting.  Near  UVL  is  also 
used  medically  for  psoriasis  treatment  in  conjunc- 
tion with  8-methoxypsoralen. 

In  dermatology,  the  effects  of  UVL  have  been 
studied  extensively.  It  is  believed  that  the  recent 
dramatic  increase  in  the  incidence  of  skin  cancer  is 
related  to  increased  UVL  exposure.  Numerous 
studies  showing  a  relationship  between  sunlight 
exposure  in  some  geographic  areas  and  skin 
cancer32-33  have  supported  this  hypothesis.  It  is  not 
known  whether  a  parallel  increase  in  cataract 
incidence  has  occurred,  since  no  data  are  available 
on  time  trends.  The  greatly  increased  surgical 
treatment  of  cataracts  may  be  caused  by  a  complex 
interplay  of  medical,  economic,  and  social  factors, 
rather  than  by  an  increase  in  incidence. 

Epidemiologic  studies  are  urgently  needed  to 
clarify  the  role  of  UVL  as  a  risk  factor,  especially 
for  senile  cataracts.  Lifetime  UVL  exposure  is  one 
of  the  variables  that  should  be  investigated  as  a 
possible    factor    enhancing    cataract    development. 

Because  the  lens  acts  as  an  effective  filter  of  near 
ultraviolet,  an  additional  consideration  is  to  deter- 
mine whether  aphakic  eyes  are  at  higher  risk  for 
retinopathy  and  maculopathy.  After  cataract  sur- 
gery, the  posterior  segment  of  the  eye  may  be 
exposed  to  potentially  harmful  radiant  energy. 
Photochemical  damage  to  the  vitreous  humor  and 
retina  could  occur  as  a  result  of  short  wavelength 
blue  and  long  wavelength  UVL  reaching  these 
tissues.  Use  of  photosensitizing  drugs  could  increase 
this  hazard,  as  could  the  use  of  artificial  replacement 
lenses,  which  do  not  absorb  UVL  but  focus  it  on  the 
retina,  such  as  the  methylmethacrylate  intraocular 
lens  implant.  This  hypothesis  has  been  supported  by 
animal  studies  only.34-36  However,  as  mentioned 
earlier,  a  recent  study  found  an  increased  preva- 
lence of  aging-related  maculopathy  in  eyes  with 
cortical  lens  changes  and  a  decreased  prevalence  in 
eyes  with  nuclear  changes. 20  This  supports  the 
hypothesis  of  a  protective  effect  of  nuclear  pigment 
on  maculopathy  development. 

Ionizing  Radiation.  The  susceptibility  of  the  lens 
to  ionizing  radiation  has  been  known  for  many 
years.  Increasing  concern  recently  has  been  directed 
to  the  cataractogenic  potential  of  diagnostic  and 
professional  x-ray  exposures.  Computerized  axial 
tomography  (CAT)  scans  of  the  skull  cause  special 
concern,  because  radiation  doses  to  the  lens  may  be 
as  high  as  9  rads  during  a  single  scan. 3738  However, 
at  present,  little  is  known  about  the  long-term  effect 
of  low-dose  ionizing  radiation  on  the  lens.  Possibly, 
it  may  act  synergistically  in  producing  a  broad 
category  of  senile  cataracts;  this  needs  further  study. 

Radiofrequency  and  Microwave  Radiation.  Micro- 
wave generating  devices  are  increasingly  in  general 
use  in  addition  to  their  various  military,  industrial, 
and  scientific  applications.  Telecommunications  and 


weapons  control  systems,  diathermy  equipment, 
commercial  and  household  ovens,  and  a  variety  of 
consumer  products  rely  on  microwave  sources. 
Microwaves  can  produce  a  measurable  temperature 
rise  in  tissues,  and  the  lens  is  especially  susceptible 
to  thermal  injury. 31  The  cataractogenic  effect  of  this 
radiation  has  been  one  of  the  major  reasons  for  the 
development  of  protective  standards  for  occupation- 
al exposures  (10  m\V/cm2  in  the  United  States). 
However,  outside  the  United  States,  very  low 
power  densities  have  also  been  reported  to  cause  a 
variety  of  biologic  reactions,  which  are  probably 
due  to  nonthermal  or  microthermal  effects. 39 

Despite  the  extensive  use  of  microwave  energy 
and  considerable  research  on  the  possibility  of  its 
damaging  effects,  important  questions  remain  unan- 
swered. Because  of  methodological  problems,  such 
studies  have  not  yielded  conclusive  results.  These 
studies  are  difficult  because  of  the  large  sample  size 
needed  to  detect  small  effects  and  the  possibility  of  a 
small  cumulative  effect  necessitating  the  examina- 
tion of  people  who  have  had  long-term  exposures.  It 
is  not  clear  whether  microwave  exposure  may 
potentiate  cataract  development  in  persons  already 
at  high  risk  or  if  the  degree  of  microwave  radiation 
exposure  is  related  to  cataract  risk.  Carefully  de- 
signed epidemiologic  studies  of  occupationally  ex- 
posed groups  and  suitable  controls  are  needed  to 
determine  their  cataract  risk. 

Toxic  Drugs  and  Chemicals.  Many  drugs  have 
cataractogenic  potential;  among  them  are  cortico- 
steroids, phenothiazines,  miotic  cholinergic  com- 
pounds, dimethylsulfoxide,  photosensitizers,  organic 
compounds,  enzyme  inhibitors,  metals,  and  cancer 
chemotherapy  agents  (see  Chapter  6,  "Cataract 
Induced  by  Environmental  and  Toxic  Effects"). 
The  cataracts  induced  by  such  drugs  are  difficult  to 
differentiate  from  senile  lens  changes,  and  a  differ- 
ential diagnosis  is  not  possible  in  most  cases.  This 
makes  it  difficult  to  interpret  the  existence  of  lens 
opacities  among  persons  using  cataractogenic  drugs. 

Drugs  may  add  to  the  process  that  normally  leads 
to  senile  lens  changes,  thus  contributing  to  the 
multifactorial  etiology  of  senile  cataracts.  Studies  of 
risk  factors  for  senile  cataracts  should  include 
investigations  of  drug  use.  It  is  also  important  to 
monitor  the  possible  cataractogenic  effect  of  certain 
drugs,  such  as  dimethylsulfoxide,  which  cause  cata- 
racts in  animals;  but  whose  effect  in  humans  is  not 
known.40-41  Clinical  trials  of  dimethylsulfoxide 
should  include  close  monitoring  of  cataract  devel- 
opment. 

Diabetes.  Diabetes  has  long  been  considered  a 
factor  contributing  to  cataract  development,  and  the 
association  between  the  two  diseases  has  been 
investigated  extensively,  as  mentioned  earlier  in  this 
chapter. 
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The  initiation  of  cataractogenesis  in  diabetes  may 
be  due  to  a  high  level  of  blood  sugar  and  concentra- 
tion of  soluble  carbohydrates  in  the  lens.  This  would 
induce  osmotic  swelling  of  the  tissue  and  eventually 
an  opacification  of  the  lens  (see  Chapter  4,  "Diabet- 
ic and  Metabolic  Cataract".  The  enzyme  aldose 
reductase  has  been  shown  to  trigger  this  process  in 
animal  lenses,  and  inhibitors  of  this  enzyme  block 
cataractous  changes  both  in  lenses  cultured  in  high 
glucose  media  and  in  those  of  laboratory  animals  in 
vivo.42-46  However,  the  effectiveness  of  such  in- 
hibitors in  preventing  cataracts  in  human  diabetes  is 
unknown.  It  is  clear  that  diabetes  is  a  factor  that 
should  be  included  in  epidemiologic  analytic  stud- 
ies. 

Blood  Pressure.  In  the  Framingham  Eye  Study 
and  the  Edinburgh  study,  high  systemic  blood 
pressure  was  associated  with  the  presence  of  senile 
cataract. 926-27  In  the  Framingham  Eye  Study,  blood 
pressure  was  also  associated  with  casual  blood  sugar 
levels. 9  There  is  no  clear  explanation  for  the  blood 
pressure/  cataract  association;  the  relationship 
should  be  confirmed  by  future  studies. 

Family  History.  Many  types  of  nongenetic  con- 
genital and  genetic  cataracts  exist  (see  Chapter  5, 
"Nongenetic  Congenital  and  Genetic  Cataracts  and 
Dislocated  Lenses").  However,  the  contribution  of 
genetic  factors  to  senile  cataracts  has  not  been 
clearly  elucidated.  Families  with  a  high  cataract 
prevalence  have  been  cited  in  numerous  reports, 
and  concordance  of  expression  for  cataract  has  been 
reported  in  monozygotic  twins.  However,  the  role 
of  genetic  compared  with  environmental  factors  is 
not  well  known  and  needs  more  research. 

Biochemical  Agents.  Epidemiological  studies 
could  determine  whether  persons  with  cataracts 
differ  from  other  persons  in  several  biochemical 
variables,  which  have  been  identified  by  investiga- 
tors. These  include  heterozygous  galactokinase  defi- 
ciency, 47  elevated  plasma  tryptophan  levels, 48  glu- 
coses-phosphate dehydrogenase  deficiency, 49  pro- 
teins, and  lipids. 926-27 

Risk  factors  for  cataracts  can  be  elucidated  by 
epidemiologic  analytic  studies  focusing  on  such 
factors  as  those  outlined  above.  Case-control  studies 
of  cataract  patients  and  suitable  controls  should  be 
first  steps  in  risk-factor  determination.  Such  studies 
would  also  yield  estimates  of  the  excess  cataract  risk 
associated  with  exposure  to  these  factors.  The 
relationship  of  cataract  risk  to  UVL  exposure, 
biochemical  agents,  blood  pressure,  or  family  histo- 
ry could  be  determined  in  such  studies.  Occupation- 
al epidemiologic  studies  of  exposed  populations 
should  also  be  undertaken.  These  studies  can  be  of 
case-control  or  cohort  designs. 


Evaluation  of  Diagnostic  and  Therapeutic 
Techniques 

New  devices  and  procedures  for  cataract  manage- 
ment are  constantly  being  introduced  into  the 
practice  of  ophthalmology.  It  is  difficult  for  clini- 
cians to  make  informed  decisions  about  optimum 
patient  management  without  appropriate  evaluation 
of  such  devices  and  procedures.  Yet,  many  new 
techniques  often  are  used  in  the  preoperative, 
operative,  and  postsurgical  periods  without  compre- 
hensive, well-designed  studies  of  their  efficacy  and 
long-term  advantages. 

Appropriately  designed,  controlled  clinical  trials 
are  greatly  needed  to  provide  information  on  the 
comparative  value  of  the  various  options  available 
for  managing  patients  with  cataract.  In  the  preoper- 
ative period,  the  value  of  slit-lamp  photography  of 
the  lens,  ultrasonography,  and  endothelial  cell  pho- 
tography needs  evaluation.  In  the  surgical  period, 
the  different  methods  of  cataract  extraction  require 
careful  comparisons,  especially  with  regard  to  rate 
of  complications  and  long-term  outcome.  The  var- 
ious methods  of  aphakic  correction  now  available 
should  also  be  appropriately  evaluated,  including 
extended-wear  and  daily-wear  contact  lenses,  apha- 
kic spectacles,  intraocular  lenses,  and  refractive 
corneal  surgery. 

Clinical  trials  could  also  provide  information  on 
cost-effectiveness.  Shortening  both  the  time  of 
surgery  and  hospitalization  would  have  important 
implications.  Because  of  the  magnitude  of  the 
cataract  problem,  even  small  savings  would  have 
large  overall  effects.  A  decrease  in  the  cost  of 
cataract  surgery  and  an  increase  in  the  number  of 
operations  that  could  be  performed  by  a  certain 
facility  in  a  given  time  would  be  particularly 
important  for  developing  countries. 

Another  opportunity  for  epidemiologic  input 
would  be  a  study  of  the  feasibility  of  a  controlled 
clinical  trial  to  evaluate  aldose  reductase  inhibitors 
for  the  prevention  of  cataract  in  human  diabetes. 

Further  discussion  of  issues  in  the  management  of 
cataracts  can  be  found  in  Chapter  7,  "Treatment  of 
Cataract  and  Correction  of  Aphakia."  Briefly,  the 
epidemiologic  research  needs  in  this  area  are  as 
follows: 

•  Controlled  clinical  trials  comparing  intracap- 
sular  and   extracapsular   cataract   extractions. 

•  Controlled  clinical  trials  to  evaluate  various 
forms  of  aphakic  correction,  such  as  extended- 
wear  contact  lenses,  daily-wear  contact  lenses, 
spectacles,  intraocular  lenses,  and  refractive 
corneal  surgery. 
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•  Evaluation  of  proposed  forms  of  cataract 
prevention  (such  as  aldose  reductase  inhibi- 
tors) and  possible  medical  treatment. 

•  Evaluation  of  new  diagnostic  techniques. 

These  research  needs  can  be  met  through  closer 
collaboration  between  cataracf  researchers  and  epi- 
demiologists in  developing  methodologically  sound 
clinical  trials.  This  will  require  establishing  collabo- 
rative centers  to  assist  with  study  design,  quality 
control  of  data,  statistical  analysis,  and  interpreta- 
tion of  results. 


Training  Investigators  in  the  Epidemiology  of 
Cataract 

At  present,  few  cataract  researchers  have  received 
training  in  epidemiologic  techniques,  and  few  epide- 
miologists are  knowledgeable  in  eye  research.  Inter- 
action between  eye  care  professionals  and  epidemi- 
ologists can  be  increased  through  opportunities  for 
formal  training  of  qualified  investigators  in  both 
fields.  The  training  can  take  the  form  of  courses  and 
field  experience,  following  the  format  of  the  training 
programs  sponsored  by  the  National  Eye  Institute 
Office  of  Biometry  and  Epidemiology.  The  training 
of  investigators  would  be  facilitated  by  the  estab- 
lishment of  collaborative  ophthalmologic-epidemi- 
ologic centers. 

In  addition,  interaction  can  be  stimulated  by  both 
disciplines  through  approaches  such  as: 

•  Preparation  of  articles  presenting  the  state  of 
the  art  and  current  research  needs  in  epidemi- 
ology of  cataracts  (or  other  eye  problems)  for 
epidemiologic  publications.  The  dissemination 
of  information  concerning  research  opportuni- 
ties in  the  field  may  attract  new  investigators. 

•  Preparation  of  overviews  for  eye  journals  of 
the  scope  and  uses  of  epidemiology  in  eye 
research  and  patient  management.  Many  clini- 
cians regard  epidemiology  as  solely  a  descrip- 
tive discipline,  useful  mainly  to  determine 
incidence  and  prevalence.  This  view  ignores 
the  major  role  of  epidemiology,  which  is  to 
elucidate  causal  factors.  The  expertise  of  epi- 
demiologists and  biostatisticians  in  research 
design  and  data  analysis  is  not  used  often 
enough  in  eye  research. 

•  More  extensive  use  of  epidemiologists  and 
biostatisticians  as  reviewers  of  ophthalmologic 
journals.  This  may  reduce  the  publication  of 
methodologically  unsound  research  with  un- 
warranted conclusions. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Epidemiology  of  Cataract," 
the  Panel  has  made  the  following  recommendations 
concerning  research  in  this  subprogram  over  the 
next  five  years.  These  have  been  grouped  under  two 
headings:  Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in   these   areas   are    forthcoming. 

Program  Base 

■  Cooperative  Cataract  Research  Group  on  classi- 
fication of  cataracts. 

Program  Development  Priorities 

■  Determine  cataract  risk  factors  through  case- 
control  and  other  studies.  Factors  to  be  investi- 
gated include  exposure  to  different  types  of 
radiation,  drugs  and  other  chemicals,  diabetes, 
family  history,  nutritional  status,  and  hyperten- 
sion. 

■  Validate  reproducible  and  standardized  in  vivo 
classifications  of  type  and  severity  of  cataracts. 

■  Train    investigators    in    cataract    epidemiology. 

■  Measure  the  occurrence  of  cataracts  and  their 
associated  visual  impairment  in  defined  popula- 
tions. 

■  Collaborate  in  clinical  trials  of  cataract  treatment 
and  prevention,  such  as  trials  to  evaluate  (1) 
different  modes  of  cataract  surgery  and  aphakic 
correction,  (2)  proposed  medical  therapies,  and 
(3)  measures  to  prevent  cataracts  in  diabetes  (for 
example,  aldose  reductase  inhibitors). 
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RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 

EPIDEMIOLOGY  OF  CATARACT 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Cooperative  Cataract  Research  Group  on  classification 
of  cataracts. 

Program  Development  Priorities 

A.  Determine  cataract  risk  factors. 

B.  Validate  classification  of  type/severity  of  cataracts. 

C.  Train  investigators  in  cataract  epidemiology. 

D.  Measure  cataracts  and  their  associated  visual 
impairment  in  defined  populations. 

E.  Collaborate  in  clinical  trials  of  cataract  treatment  and 
prevention:  different  modes  of  cataract  surgery  and 
aphakic  correction,  proposed  medical  therapies, 
prevention  of  cataracts  in  diabetes. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


[1]* 


0 
(0) 


7 
(20) 

$756,000 


7 
(5) 

$756,000 


*The  Cooperative  Cataract  Research  Group  is  counted  in  the 
Senile  Cataract  subprogram.  (See  Chapter  3) 
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SENILE 
CATARACT 


cataract  as  their  first  listed  diagnosis  accounted  for 
about  1.5  million  days  of  hospital  care.  About  97 
percent  of  hospital  discharges  for  cataract  are  for 
noncongenital  types  of  cataract;  most  of  these  are 
for  senile  cataract. 


INTRODUCTION 

SENILE  CATARACT  is  an  opacification  of  the  lens 
that  occurs  with  aging  (Figure  1).  It  is  the  most 
common  type  of  cataract  in  humans.  Two  main 
subgroups  exist,  cortical  and  nuclear,  which  often 
are  found  in  the  same  lens.  Cortical  opacities  are  a 
heterogeneous  group  that  involve  the  younger  and 
more  superficial  lens  fiber  cells.  Nuclear  opacities 
are  located  in  the  central  deep  area  of  the  lens  and 
also  consist  of  several  types. 

Some  form  of  lens  opacity  is  present  in  two-thirds 
of  the  U.S.  population  65  to  74  years  of  age. 
Although  visual  impairment  is  not  present  in  all 
cases  (see  Chapter  2,  "Epidemiology  of  Cataract," 
Tables  1-3),  data  from  the  Model  Reporting  Area 
(MRA)  for  Blindness  Statistics  indicate  that  cata- 
racts were  the  second  leading  cause  of  blindness  in 
the  United  Stales  in  1970,  and  that  senile  cataracts 
accounted  for  72  percent  of  those  blind  because  of 
cataract.  Each  year  an  estimated  4,500 — or  one  in 
every  10 — new  cases  of  blindness  are  caused  by 
senile  cataracts.  Estimates  by  the  National  Society 
to  Prevent  Blindness,  Inc.,  based  on  unpublished 
MRA  register  data,  state  that  at  least  41,500 
Americans  are  legally  blind  because  of  senile  cata- 
ract. In  1980,  there  were  approximately  528,000 
hospital  discharges  with  noncongenital  types  of 
cataract,    and    in    1979,    patients   discharged    with 


FIGURE  1.  Mature  cataract  in  an  adult. 


The  study  of  the  pathogenesis  of  senile  cataract 
must  involve  the  study  of  the  normal  lens  (see 
Chapter  1,  "The  Normal  Lens").  Lens  transparency 
and  opacification  are  primarily  physical  phenomena. 
Thus,  ontogenetic,  metabolic,  and  biochemical  proc- 
esses in  the  lens  are  important  for  establishing  and 
maintaining  this  tissue's  structural  integrity  which 
forms  the  basis  of  transparency  and  which  leads  to 
opacity  when  deranged.  Because  many  of  the 
factors  examined  in  the  opaque  lens  must  be 
compared  to  established  values  for  the  transparent 
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lens,  the  comprehensive  study  of  the  normal  lens  at 
all  stages  of  human  development,  growth,  and  aging 
is  essential  to  progress  against  senile  cataract. 
Research  on  senile  cataract  is  relevant  to  human 
aging  in  general.  Understanding  the  events  leading 
to  protein  aggregation,  degradation,  and  ^solubili- 
zation in  the  lens  will  be  of  considerable  value  to  the 
study  of  aging-related  changes  in  other  tissues  of  the 
human  body.  Although  the  specific  mechanisms  that 
cause  senile  cataract  remain  to  be  elucidated,  knowl- 
edge of  the  changes  in  structure  and  chemistry  that 
accompany  cataract  development  has  been  greatly 
expanded  in  recent  years. 


SUBPROGRAM 
OBJECTIVES 


To  determine  the  cause(s)  and  pathogenesis  of 
senile  cataract  including  its  risk  factors. 

To  seek  means  to  prevent,  retard,  or  reverse  the 
senile  cataractous  process. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

The  main  source  of  support  for  senile  cataract 
research  is  the  National  Eye  Institute.  In  FY  1981, 
the  NEI  funded  24  grants  at  a  total  cost  of 
$2,158,000,  for  research  related  to  senile  cataract. 
The  National  Institute  on  Aging  and  the  National 
Institute  of  General  Medical  Sciences  provided 
additional  support  for  senile  cataract  studies. 
Among  national  philantrophic  and  voluntary  health 
agencies,  Fight  for  Sight,  Inc.,  the  National  Society 
to  Prevent  Blindness,  and  Research  to  Prevent 
Blindness,  Inc.  provided  important  support. 


RECENT 
ACCOMPLISHMENTS 

The  establishment  of  the  Cooperative  Cataract 
Research  Group  involving  23  geographically  sepa- 
rated research  teams  in  the  United  States  has 
stimulated  collaborative  research1,2  and  greatly  fa- 
cilitated studies  of  the  human  lens.  Improved  sys- 
tems for  classifying  lens  opacities3'4  have  permitted 
a  more  accurate  correlation  between  specific  kinds 
of   cataracts    and    their    structural    and    chemical 


characteristics.  2,5,e  Two  classification  systems  are  in 
general  use:  that  of  Pirie  and  van  Heyningen3,7  and 
that  of  Chylack. 4  The  first  method3,7  is  based  on 
increasing  nuclear  color  and  has  added  refinements 
based  on  spectrophotometric  and  cation  properties.  6 
The  second  method  describes  not  only  nuclear  color 
but  also  the  type,  location,  and  extent  of  the  lens 
opacity.  It  facilitates  study  of  individual  and  pooled 
lenses  by  documenting  the  many  variations  in 
distribution,  configuration,  and  color  of  lens  opac- 
ities. 

The  development  of  a  slit-lamp  photographic 
technique  based  on  Scheimpflug's  principle  is  a 
major  advance  in  cataract  research. 8  The  availabil- 
ity of  a  prototype  of  a  Scheimpflug  camera9,10 
enables  the  clinician  and  scientist  to  localize  the 
opacity  accurately  in  vivo,  determine  its  dimensions, 
and  follow  the  progress  of  the  cataract  over  time. 
This  method  is  particularly  useful  for  quantifying 
nuclear  opacities.  A  modification  of  this  apparatus 
using  an  ultraviolet  light  source  can  monitor  lens 
fluorescence  at  specific  wavelengths.  Because 
changes  in  lens  fluorescence  reflect  lenticular 
aging,  n  it  may  be  possible  to  predict  the  onset  of 
opacities  years  before  they  become  clinically  mani- 
fest. 12  A  method  for  retroillumination  photography 
of  cataractous  lens  opacities  also  has  been  devel- 
oped; it  is  suitable  for  use  on  certain  types  of  slit- 
lamp  microscopes. 13 

Biochemical  and  Morphological  Studies 

Aging  of  the  normal  human  lens  is  associated  with  a 
progressive  decrease  in  soluble  protein  and  increase 
in  the  amount  of  insoluble  protein.1,14,15  These 
changes  are  markedly  exaggerated  in  the  catarac- 
tous process,  especially  in  nuclear  opacities.  In 
particular,  the  proportion  of  soluble  gamma  crystal- 
lin  decreases  in  both  the  cortex  and  nucleus.15 
Whether  this  loss  is  due  to  leakage  through  the 
capsule,  conversion  to  insoluble  protein,  cross- 
linking  to  a  higher  molecular  weight  protein,  lack  of 
synthesis,  or  a  combination  of  these  processes  has 
yet  to  be  conclusively  determined. 

Only  minor  quantitative  differences  in  subunit 
composition  were  found  between  crystallin  fractions 
isolated  from  normal  lenses  and  corresponding 
fractions  from  cataractous  lenses. 15  All  crystallins 
contain  minor  amounts  of  very  acidic  chains  (pH 
less  than  5.0)  probably  due  to  deamidation  process- 
es. 15  The  highly  acidic  polypeptides  of  molecular 
weight  6,500-12,500  found  in  normal  human  lenses 
from  elderly  people  and  in  lenses  with  cataracts  are 
probably  derived  from  alpha  crystallin  A 
chains. 16,17 

Detailed  analyses  of  soluble  protein  patterns 
associated  with  aging  and  cataractogenesis  have 
been  reported. 15, 18  Alpha  and  gamma  crystallins  are 
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normally  present  in  the  aqueous  humor  of  healthy 
human  eyes,  and  this  concentration  is  increased  in 
those  with  cortical  cataracts.  However,  in  nuclear 
cataracts,  only  the  alpha  crystallin  concentration  is 
increased,  whereas  gamma  crystallin  is  decreased. 19 
Although  lens  electrolyte  levels  do  not  change 
significantly  in  localized  polar  cataracts,  increasing 
nuclear  involvement  is  associated  with  increased 
levels  of  lens  sodium. 6  In  lenses  with  very  high 
levels  of  sodium  (160  mM),  there  is  a  dramatic 
decrease  in  soluble  and  total  protein. 6  This  finding  is 
consistent  with  the  correlation  between  an  increase 
in  lens  sodium  and  the  loss  of  soluble  protein  in 
chick  and  mouse  lenses  in  culture. 20 

A  significant  and  marked  increase  in  the  amount 
of  insoluble  protein  is  characteristic  of  the  develop- 
ment of  nuclear  cataracts,  and  the  amount  increases 
with  the  severity  of  the  opacity. 1,s  In  mature 
cataracts,  as  much  as  60  percent  of  the  cortical  and 
more  than  90  percent  of  the  nuclear  proteins  can  be 
water-insoluble. '  The  total  protein,  however,  re- 
mains fairly  constant  for  both  normal  and  catarac- 
tous  lenses,  as  does  the  total  sulfhydryl  plus  disul- 
fide levels  and  the  water  content.  However,  the 
amount  of  bound  water  is  decreased  in  the  catarac- 
tous  lens,  indicating  a  decrease  in  the  number  of 
bonding  sites. 21  This  is  consistent  with  increased 
protein  insolubilization  and  aggregation. 

The  insolubilization  of  protein  during  progressive 
nuclear  cataractogenesis  is  associated  with  wide- 
spread oxidative  changes  reflected  in  an  increase  in 
protein-protein  disulfides  and  mixed  disulfides,  de- 
crease in  glutathione,  and  formation  of  methionine 
sulfoxide,  methionine  sulfone,  and  cysteic 
acid. 11422'23  Sulfhydryl  oxidation  begins  and  is  most 
pronounced  in  the  nucleus  but  can  be  detected  at 
low  levels  in  the  cortices  of  advanced  cataractous 
lenses. 5  These  observations  suggest  that  the  nuclear 
cataract  starts  to  develop  from  the  center  of  the  lens 
and  spreads  toward  the  cortex. 24  In  the  nuclear 
zone,  disulfide-rich  proteins  appear  to  be  shifting 
from  the  soluble  to  the  insoluble  state.  The  loss  of 
nonprotein  sulfhydryl  groups  during  cataract  devel- 
opment does  not  account  for  the  large  increase  in 
nonprotein  disulfide  found  in  the  water-insoluble 
protein. 1 

Extensive  oxidation  of  membrane  protein  meth- 
ionine and  cysteine  has  been  shown  to  occur  in  the 
cataractous  state  and  was  found  to  precede  the 
oxidation  of  other  protein  fractions. 25  In  severe 
cataracts,  more  than  60  percent  of  the  membrane 
protein  methionine  was  found  as  methionine  sulfox- 
ide, and  most  of  the  cysteine  was  oxidized.  The 
oxidation  of  sulfur  amino  acids  occurs  in  the 
transparent  and  opaque  regions  of  cortical  and 
nuclear  cataracts.  Cysteic  acid  is  found  only  in  the 
opaque  region.  In  the  nucleus  of  nuclear  cataracts, 
the  43,000  dalton  extrinsic  membrane  protein  and 
cytoplasmic  proteins  are  linked  by  disulfide  bonds 


to  the  intrinsic  membrane  fraction.  In  the  cortical 
cataract,  the  high  molecular  weight  disulfide-linked 
protein  is  present  but  is  not  linked  to  the  mem- 
brane. 26 

The  insoluble  material  of  the  normal  young  lens 
can  be  fractionated  into  two  components:  (1)  plasma 
membrane,  and  (2)  urea-soluble  protein  which  con- 
sists of  crystallin  and  cytoskeletal  protein.  In  the 
older,  and  particularly  nuclear,  cataractous  lenses, 
the  insoluble  protein  is  greatly  modified  and  consists 
of  two  fractions:  (1)  urea-soluble  protein,  which 
contains  large  aggregates  of  high  molecular  weight 
protein  linked  by  disulfide  bonds,  with  markedly 
decreased  or  absent  cytoskeletal  proteins,27-28  and 
(2)  urea-insoluble  high  molecular  weight  protein, 
cross-linked  by  covalent  bonds  other  than  disul- 
fide 29  and  plasma  membrane  proteins.  This  fraction 
contains  the  yellow-brown  protein  that  is '  found 
only  in  the  nucleus  of  the  nuclear  cataractous  lens 
and  increases  with  the  severity  of  the  opacity. 14 

The  disulfide-linked  high  molecular  weight  pro- 
tein occurs  predominantly  in  the  nucleus  of  the 
cataractous  lens, 29  but  has  also  been  found  in  the 
clear  zones  of  cataractous  lenses. 26  It  consists  of 
several  polypeptides  of  molecular  weights  10,000, 
20,000,  43,000  and  60,000,  as  well  as  a  diffusely 
streaky  low  electrophoretic  mobility  component. 
The  43,000  molecular  weight  polypeptide  is  an 
extrinsic  membrane  protein  of  the  fiber  cells,  which 
in  the  oxidized  state  appears  to  form  disulfide  links 
with  crystallin  and  other  polypeptides  yielding  large 
membrane-bound  aggregates  of  5  x  10 6  daltons. 30 
The  10,000  molecular  weight  polypeptide  consists 
of  numerous  components  that  arise  from  crystallins 
and  the  43,000  molecular  weight  protein. 31  The 
former  is  present  only  in  older  human  lenses 32  and 
may  arise  from  the  degradation  of  both  water- 
soluble  and  water-insoluble  protein. 31 

The  uniquely  nuclear  cataractous  nondisulfide- 
linked  high  molecular  weight  colored  protein  is 
extremely  resistant  to  biochemical  analysis;  it  con- 
tains altered  lens  protein  and  fluorescent  compounds 
such  as  kynurenine, 33  anthranilic  acid, 34  and  beta 
carbolines. 35  These  derivatives  of  tryptophan  may 
be  the  cross-links  and  account  for  the  nontrypto- 
phan  fluorescence  (excitation  wavelength  340  nm; 
emission  wavelength  435  nm)  typical  of  the  aged 
lens  and  nuclear  cataract.  u  The  role  of  bityrosine  as 
a  cross-linking  agent  is  controversial.36-37  Many 
other  fluorescent  compounds  present  in  the  yellow 
protein  have  not  been  identified.  This  protein  does 
not  contain  any  sugar  and  represents  the  final  step  in 
the  cataractous  process. 38  Despite  the  progress 
made  thus  far,  the  identity  of  the  covalent  cross- 
link^) has  not  been  definitively  established. 

The  role  of  the  plasma  membrane  and  cytoskele- 
ton  proteins  in  the  cataractous  process  is  being 
extensively  explored.  The  plasma  membrane  of  the 
fiber  cells  has  been  isolated,  and  a  great  deal  is  now 
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known  about  its  protein  and  lipid  composition.39-44 
Morphologically,  the  membrane  of  the  fiber  cell  is 
characterized  by  numerous  gap  junctions  with 
pleomorphic  particle  packing,  which  is  indicative  of 
a  coupled  state  (cell-to-celr  communication).43'45 
There  appear  to  be  fewer  gap  junctions  in  the 
human  cortical  fiber  membrane  cell  (6  percent  of 
surface  area)  than  in  lenses  of  other  species,  and 
they  are  more  numerous  in  the  posterior  cortical 
fiber  area  than  in  the  anterior  cortex. 46  In  the 
cataractous  lens,  the  integrity  of  the  gap  junctions  is 
maintained  despite  the  disintegration  of  the  unit 
membrane.  In  Nakano  mice  aged  29  days,  there 
were  occasional  appearances  of  a  regular  hexagonal 
array  of  gap  junction  particles.  This  suggests  that 
fiber  cells  may  become  uncoupled  in  the  course  of 
cataract  formation. 47 

In  the  normal  adult  human  lens,  the  plasma 
membrane  constitutes  0.9  percent  of  the  wet  weight 
of  the  lens,  and  its  protein  represents  1.8  percent  of 
the  total  protein.39  The  protein-lipid  ratio  is  1:1.2. 
The  major  intrinsic  proteins  comprise  two  polypep- 
tides with  apparent  molecular  weights  of  26,000  and 
22,000. 3942-44  MP26K  predominates  in  early  life, 
whereas  the  MP22K  increases  in  amount  with  age 
and  becomes  concentrated  in  the  nuclear  region.  48 
Evidence  seems  to  suggest  that  MP22K  is  derived 
from  MP26K.  There  is  no  quantitative  change  in  the 
ratio  of  these  polypeptides  in  the  cataractous  lens 
membrane. 48  Oxidation  of  membrane  proteins 
occurs  in  the  cataractous  state  and  appears  to 
precede  the  oxidation  of  the  soluble  proteins. 25  It 
remains  to  be  established  whether  the  membrane  is 
the  site  of  the  initial  injury  leading  to  cataractogene- 
sis,  but  several  lines  of  evidence  at  least  point  to  the 
early  involvement  of  the  membrane  in  the  catarac- 
tous process.25,49  Direct  biochemical  evidence  of 
fiber  cell  membrane  disintegration  in  human  cata- 
racts has  been  reported. 50 

The  lipid  composition  of  the  fiber  cell  membrane 
undergoes  distinctive  changes  during  aging.  Lipids 
make  up  approximately  55  percent  of  the  normal 
membrane's  dry  weight, 39  with  cholesterol  as  the 
major  neutral  lipid. 41  The  molar  ratio  of  choles- 
terohphospholipid  increases  from  the  equator  to  the 
nucleus,  and  the  sphingomyelin  concentration  in- 
creases in  parallel  fashion. 41,51  The  cholesterohphos- 
pholipid  ratio  of  lens  fiber  cells  plasma  membrane  is 
higher  than  that  of  any  other  mammalian  plasma 
membrane.  It  increases  with  age  from  1.4  to  2.4  for 
cortical  cells  and  from  2.4  to  3.2  for  nuclear  cells, 
presumably  through  the  loss  of  phospholipids. 49  Of 
the  phospholipids,  the  sphingomyelin  concentration 
increases  in  parallel  with  the  increase  in  choles- 
terohphospholipid  ratio,  forming  83  percent  of  the 
total  phospholipids  of  the  nucleus  of  a  70-year-old 
lens.  It  is  suggested  that  the  aging-related  loss  of 
phospholipids  and  the  resultant  increased  viscosity 
of  the  membrane  may  expose  the  intrinsic  mem- 


brane of  proteins  to  oxidative  insult  and  promote 
aggregation  with  cytoplasmic  proteins. 49  The  lipid 
composition  of  cataractous  lenses  does  not  appear  to 
be  strikingly  different  from  that  of  normal  lenses. 
Although  the  amount  of  intact  membranes  appears 
to  decrease  with  aging,  they  remain  age-dependent- 
ly  constant  in  lipid  composition  during  the  catarac- 
tous process. 38 

The  link  between  plasma  membrane  and  crystallin 
and  cytoskeletal  proteins  is  just  beginning  to  be 
explored.  It  is  known  that  like  other  mammalian 
lenses  the  human  lens  contains  actin,  microtubules, 
intermediate  filaments,  and  other  filamentous  pro- 
teins.47,52-53  In  aged  and  cataractous  lens  fibers, 
these  cytoskeletal  proteins  are  disrupted,  although 
intermediate  filaments  persist  in  the  epithelium. 53 
The  nature  of  the  links  between  membrane  and 
cytoplasmic  proteins  and  the  changes  that  occur 
during  cataractogenesis  require  further  study.  There 
is  an  age-dependent  decrease  of  the  alpha  crystallin 
content  of  cortical  fiber  membranes  of  the  lens.  39 

Morphology  of  Cataractous  Lenses 

Fiber  Cells.  Cortical  and  nuclear  cataracts  can 
readily  be  distinguished  morphologically.  In  the 
earliest  stages,  cortical  cataracts,  which  occur  as 
small  opacities  in  a  relatively  transparent  cortex, 
have  enlarged  intercellular  spaces,  forming  large 
clefts  between  fiber  cells. 54  The  cell  membranes  are 
generally  intact,  although  later  there  is  evidence  of 
membrane  breakdown  and  formation  of  vesicular 
structures.  Microradiographic  analysis  has  shown 
that  these  zones  of  opacity  are  areas  of  decreased 
protein  concentration. 54,55  The  refractive  interfaces 
between  these  zones  and  the  surrounding  normal 
cortex  make  them  act  as  strong  sources  of  light 
scattering.  It  has  been  proposed  that  a  membrane 
deficiency  leads  to  the  enlargement  of  the  intercel- 
lular spaces.  The  continued  development  of  the 
cataract  is  characterized  by  cellular  dissolution, 
globular  body  formation,  and  the  appearance  of 
multilamellar  bodies. 5456  (Figure  2) 

Intercellular  material  obtained  from  cortical  cata- 
racts has  been  studied  by  energy  dispersive  x-ray 
analysis.  It  is  rich  in  phosphorus,  probably  derived 
from  disintegrating  membrane  phospholipids,  and 
low  in  sulfur  compared  with  fiber  cell  cytoplasm. 57 
In  posterior  subcapsular  cataracts,  the  meridional 
row  is  extensively  disorganized  and  nucleated  lens 
cells  from  the  equatorial  region  have  migrated 
posteriorly. 58  Regardless  of  whether  the  changes  in 
posterior  subcapsular  cataracts  are  initiated  at  the 
equator  or  not,  the  migrating  cells  are  thought  to 
contribute  to  the  cataract  by  secreting  extracellular 
material,  cytolysis,  and  probably  the  release  of 
lysosomal  enzymes. 
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FIGURE  2.  Human  cataractous  !ens  showing  globular  alterations  (X225). 
(Cataract  Type  H-NS  vpy  CCRG  classification). 


In  the  early  stages  of  nuclear  cataract  formation, 
the  fiber  cells  do  not  differ  morphologically  from 
those  of  normally  transparent  lenses.  The  cells  are 
intact,  and  the  extracellular  space  is  not  enlarged. 54 
However,  in  the  dense  nucleus,  the  intracellular 
matrix  is  aggregated  into  clusters  50-100  nm  in 
diameter,  which  is  a  size  sufficient  to  scatter  light. 
Posterior  migration  of  epithelial  cells  is  rarely 
seen. 59  The  correlation  between  the  density  of  an 
opacity  and  its  structure  has  been  shown  for  several 
types  of  cataracts. 2 

Epithelial  Cells.  With  aging  and  cataract  forma- 
tion epithelial  cells  decrease  in  number,  from  93  to 
100  fi,m2  in  young  adults  to  about  62  jim2  in 
noncataractous  lenses  of  50-  to  70-year-olds,  and  to 
fewer  than  50  /xm 2  in  cataractous  lenses. 60  The 
cytoplasm  of  these  cells  is  frequently  electron  dense 
and  contains  swollen  mitochondria.  Beneath  acellu- 
lar  zones  in  the  aged  or  cataractous  lens,  edema, 
vacuolation,  and  degenerated  anterior  cortical  fibers 
are  frequently  seen.  In  nuclear  cataracts  there  is 
considerable  irregularity  in  the  posterior  equatorial 
nuclear  rows.  59- 60  The  abnormal  migration  of  epith- 
elial cells  from  the  equatorial  region  to  the  posterior 
lens  that  occurs  in  posterior  subcapsular  cataracts  is 
rarely  seen  in  nuclear  cataracts. 59  Epithelial  cell 
damage  would  interfere  with  transport  mechanisms 
regulating  the  ionic  balance  in  the  lens.  Epithelial 


cells  have  been  successfully  cultured  for  short 
periods  of  time,  but  in  culture,  as  in  vivo,  there 
appears  to  be  a  progressive  aging-related  decline  of 
growth  capacity  in  these  cells. 61  But,  even  epithelia 
from  cataractous  lenses  contain  a  population  of  cells 
that  can  proliferate  in  culture.  62  However,  a  perma- 
nent cell  line  of  human  lens  epithelium  has  not  been 
established. 

Light  Scattering  Elements  in  the  Cataractous 
Lens 

The  light  scattering  elements  of  cortical  cataracts 
are  the  large  intercellular  clefts  and  areas  of  fiber 
cell  breakdown. 54  High  molecular  weight  aggre- 
gates in  the  cortex  may  also  play  a  role. 26  The 
greatly  increased  level  of  high  molecular  weight 
aggregates  probably  accounts  for  the  light  scatter- 
ing in  nuclear  cataracts.  63,64 

Syneresis  is  the  contraction  of  a  gel  so  that  liquid 
is  exuded  at  the  surface.  Syneresis,  with  or  without 
an  accompanying  aggregation  process,  could  also 
account  for  a  large  part  of  the  opacification  in  the 
nucleus. 65  Changes  in  local  hydration  of  protein 
enhances  the  refractive  index  fluctuation,  which 
contributes  to  the  opacity.  The  phenomenon  of 
phase  separation  of  cell  cytoplasm  accompanied  or 
preceded  by  cell  surface  changes  may  be  intimately 
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associated  with  the  mechanism  that  forms  scattering 
centers  in  the  reversible  stages  of  cold  cataract 
opacification. 66  Chemical  reagents  that  improve 
transparency  in  the  phase  transition  cataract  also  do 
so  in  human  cataracts  in  vitro. 67 

Causation 

An  interesting  lead  to  the  cause  of  nuclear  cataracts 
is  that  there  is  severe  oxidative  damage.  Oxidation 
occurs  first  in  the  aging  normal  human  lens  primar- 
ily at  the  membrane  and  with  cataract  formation 
then  spreads  to  extrinsic  membrane  components  and 
cytoplasmic  proteins. 25  This  process  leads  to  the 
formation  of  membrane-bound,  high  molecular 
weight  disulfide-linked  aggregates  and  membrane 
breakdown  in  the  opaque  regions  of  the  lens. 
Formation  of  the  aggregates  involves  two  distinct 
nucleation  sites.  In  one,  the  43,000  extrinsic  mem- 
brane polypeptide  is  the  primary  nucleation  site  that 
interacts  with  cytoskeleton  polypeptides. 30  Such 
aggregates  also  contain  other  polypeptides,  includ- 
ing the  heterogeneous  10,000  species.  The  other 
nucleation  site  involves  the  formation  of  disulfide 
linkages  directly  between  the  intrinsic  membrane 
polypeptides  and  cytoplasmic  proteins,  especially 
the  24,000  gamma  crystallin. 68 

The  intrinsic  membrane  polypeptides  do  not 
appear  to  be  significantly  involved  in  disulfide 
linkage  with  cytoskeleton  polypeptides  in  develop- 
ing cortical  cataracts,  but  they  are  involved  in 
nuclear  cataract  and  cataracts  involving  the  whole 
lens.  This  suggests  that  architectural  rearrangement 
of  the  membrane,  resulting  in  exposure  of  the 
intrinsic  polypeptides  and  the  formation  of  disulfide 
linkages  with  other  polypeptides,  is  unique  to 
nuclear  cataracts. 26 

Direct  evidence  of  the  involvement  of  oxidation 
in  cataractogenesis  has  been  established  experimen- 
tally. The  antioxidants  of  the  lens  include  glutathi- 
one and  its  regenerating  systems,  which  are  all 
markedly  reduced  in  the  human  cataractous  state. 69 
In  addition  to  acting  as  an  in  situ  reducing  agent  to 
maintain  protein  sulfhydryls,  glutathione  can  also 
cleave  the  disulfide  bonds  in  proteins  from  ad- 
vanced nuclear  cataractous  lenses  and  in  mixed 
disulfides  of  lens  proteins  and  glutathione. 22  Fur- 
thermore, endogenous  glutathione  can  protect  pro- 
tein sulfhydryl  groups  from  oxidation  in  vitro 
provided  the  reduced  form  of  nicotinamide-adenine 
dinucleotide  phosphate  (NADPH)  and  glucoses- 
phosphate  (G6P)  are  added.  Glutathione  reductase 
and  the  hexose  monophosphate  shunt  play  a  crucial 
role  in  maintaining  glutathione  in  the  reduced  state. 
More  recently,  it  has  been  proposed  that  the 
disruption  of  this  reducing  system  in  the  aging  and 
cataractous  lens  may  occur  at  the  hexokinase  step  in 
glycolysis. 70  Hexokinase  is  the  enzyme  that  controls 
the  supply  of  G6P. 70 


The  lens  has  other  mechanisms  that  can  protect 
against  oxidants  formed  in  vivo,  such  as  superoxide 
anions,  hydrogen  peroxide,  lipid  peroxides  and 
hydroperoxides,  singlet  oxygen,  and  hydroxyl  radi- 
cals. Ascorbic  acid,  which  is  present  in  the  lens  in 
unusually  high  amounts,  is  a  scavenger  of  free 
radicals  and  singlet  oxygen  but  forms  hydrogen 
peroxide. 71  Superoxide  dismutase  present  in  the  lens 
epithelium  can  convert  the  superoxide  radical  to 
hydrogen  peroxide.  The  latter,  which  can  be  formed 
also  by  irradiating  tryptophan,  can  be  eliminated  or 
removed  by  lens  catalase  or  glutathione  peroxidase. 
The  photochemical  generation  of  superoxide  and  its 
derivatives,  such  as  hydrogen  peroxide  and  singlet 
oxygen,  injures  the  lens;  ascorbic  acid  in  the  lens 
and  aqueous  humor  can  prevent  such  light-induced 
damage. 71  Hydrogen  peroxide  appeared  to  produce 
cataracts  in  rabbits  when  lens  catalase  was  inhibited 
with  amino-triazole. 72 

The  mechanism(s)  that  lead  to  oxidative  damage 
in  the  lens  remains  to  be  elucidated.  A  prime  factor 
appears  to  be  the  ambient  ultraviolet  light  radiation 
(300-400  nm)  in  sunlight. 73  Long-wave  ultraviolet 
light  readily  penetrates  the  cornea  and  therefore  can 
reach  the  lens,  which  absorbs  it  more  efficiently 
than  any  other  ocular  tissue.  This  radiation  is 
capable  of  generating  fluorescent  pigments  through 
a  photochemically  initiated  free  radical  mechanism 
involving  tryptophan  and  other  aromatic  amino 
acids  as  the  absorbing  chromophores. 12  The  accu- 
mulation of  the  pigmented  molecules  accounts  for 
the  increased  yellowing  of  the  lens  nucleus  with  age 
and  the  increase  of  nontryptophan  fluorescence. 
Studies  of  the  normal  lens  have  demonstrated  that 
fluorescence  at  420-440  nm  accumulates  progres- 
sively with  age  in  parallel  with  the  increase  in 
insolubilization  of  lens  protein.  n  The  accumulation 
of  the  fluorescent  pigment  would  serve  to  cross-link 
protein  into  large  aggregates.  The  high  concentra- 
tion of  glutathione  in  the  cortex  would  prevent  the 
accumulation  of  pigments,  acting  as  a  free  radical 
scavenger.  However,  in  the  nucleus,  with  its  lower 
concentration  of  glutatione,  the  pigment  would 
accumulate. 12 

Cataracts  have  been  induced  experimentally  by 
exposing  animals  to  ultraviolet  light,  and  sunlight 
causes  a  yellowing  of  the  human  lens  in  the 
presence  of  added  tryptophan. 73  Moreover,  the 
prevalence  of  cataract  in  a  human  population  has 
been  associated  with  high  levels  of  ultraviolet 
radiation  and  sunlight.74'75  Because  there  is  no  loss 
of  tryptophan  in  nuclear  cataracts,  it  has  been 
suggested  that  sunlight  damages  the  lens  by  a 
ultraviolet-induced  free  radical  mechanism  in  which 
tryptophan  is  involved  in  a  nondestructive  sense. 
Evidence  has  been  obtained  of  free  radical  mecha- 
nisms in  fluorophor  production  in  the  aging  human 
lens.  It  has  been  demonstrated  that  the  free  radicals 
are  produced  by  a  biphotonic  process  in  which 
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triplet  tryptophan  is  a  photosensitizer  that  transfers 
energy  to  any  receptor  present  in  the  human  lens. 76 

Alternatively,  the  damaging  effect  of  ultraviolet 
light  may  be  due  to  the  generation  of  hydrogen 
peroxide  or  production  of  a  neutral  tryptophan 
residue  and  a  superoxide  radical.  An  accumulation 
of  hydrogen  peroxide  in  the  lens  can  lead  to  the 
oxidation  of  protein  and  glutathione-SH  groups  to 
GSSG  (an  oxidized  form  of  glutathione),  protein 
glutathione  mixed  disulfides,  and  protein  disul- 
fides. "  Anthranilic  acid  is  produced  from  trypto- 
phan by  ultraviolet  light  only  in  the  presence  of 
hydrogen  peroxide. 78  Thus,  hydrogen  peroxide 
might  be  the  common  factor  involved  in  the 
development  of  nuclear  cataract  in  aged  human 
lenses. 

The  role  of  singlet  oxygen  has  been  demonstrated 
in  the  in  vitro  cross-linking  of  lens  crystallins  in  a 
photodynamic  system  consisting  of  visible  light,  a 
photosensitizer,  and  oxygen. 79  In  this  system  bovine 
and  human  crystallins  become  cross-linked  and 
generate  the  blue  fluorescence  typical  of  that  seen  in 
the  human  cataractous  lens.  Conditions  for  the 
generation  of  singlet  oxygen  exist  in  vivo,  including 
the  presence  of  photosensitizers  such  as  riboflavin 
and  N-formyl  kynurenine.  Whereas  the  singlet 
oxygen  may  be  counteracted  in  the  cortex,  the 
photo-oxidized  protein  molecules  accumulate  in  the 
nucleus,  where  antioxidants  are  present  in  much 
lower  concentration. 

Although  the  ultraviolet  hypothesis  for  the  causa- 
tion of  nuclear  cataract  is  attractive,  it  does  not 
explain  why  the  anterior  cortex,  where  the  most  of 
the  damaging  light  should  first  be  absorbed,  is  not 
involved  in  anterior  subcapsular  and  cortical  cata- 
racts. 80  Nor  does  this  hypothesis  explain  the  occur- 
rence of  discrete  areas  of  cortical  opacity  in  an 
otherwise  clear  lens. 

The  search  continues  for  other  possible  cataracto- 
genetic  factors,  especially  nutritional  ones.  Cataract 
occurs  in  tryptophan-deficient  animals,  and  a  low 
protein  diet  increases  the  incidence  of  induced 
galactose  cataracts  in  rats.81-82  In  the  tryptophan- 
deficiency  cataract,  the  morphology  of  cortical  fiber 
cells  is  grossly  distorted,  but  the  distribution  of 
crystallins  is  normal. 81  On  the  other  hand,  one  study 
has  suggested  that  agents  that  lower  plasma  trypto- 
phan in  man  may  actually  decelerate  cataract 
progression. 83  Diarrhea  may  be  a  factor  in  the  high 
prevalence  of  cataract  in  some  populations,  operat- 
ing through  the  effects  of  malnutrition,  acidemia, 
dehydration,  and  uremia. 84  Indeed,  preliminary  evi- 
dence indicates  that  carbamylation  of  lens  proteins 
has  occurred  in  cataracts  of  some  tropical  popula- 
tions. 85  Racemization  of  aspartic  acid  may  play  a 
role, 86  although  glycosylation  is  disputed. 87,88 

Physical  factors  may  also  be  involved  in  cataract- 
ogenesis  since  myopia  is  a  possible  risk  factor, 
perhaps  through  increased  zonular  stress. 89 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

Despite  the  high  prevalence  of  senile  cataract,  little 
is  known  about  its  natural  history  and  its  risk 
factors.  Furthermore,  because  cortical  and  nuclear 
cataracts  may  arise  by  different  mechanisms,  it  is 
important  to  document  in  vivo  the  earliest  onset, 
location,  and  progression  of  cataract  development 
and  correlate  these  observations  with  measurements 
of  visual  acuity  and  contrast  sensitivity.  The  avail- 
ability of  the  slit-lamp  camera  densitometric  appara- 
tus is  a  valuable  tool  for  such  analysis. 

Prospective  studies  of  these  factors  could  lead  to 
the  identification  of  risk  factors  and  development  of 
medical  therapy  to  delay  the  onset  of  cataract.  This 
research,  which  involves  assessment  of  the  state  of 
nutrition,  including  electrolytes,  vitamins,  minerals, 
amino  acids,  enzymes,  and  genetic  factors,  can  be 
facilitated  in  a  patient  care  setting.  Thus,  such 
studies  should  be  supported  in  several  major  clinical 
centers  and  involve  multidisciplinary  teams  of  clini- 
cians and  basic  scientists,  including  epidemiologists. 

Information  derived  from  in  vivo  analysis  would 
permit  more  accurate  classification  of  the  cataract 
when  it  is  subsequently  removed  and  made  available 
for  biochemical  and  morphological  analysis.  The 
classification  of  lens  opacities  would  be  enhanced  by 
the  development  of  specific  biophysical  and  bio- 
chemical criteria  for  distinct  morphological  states 
and  by  accurate  knowledge  of  the  duration  of  the 
cataractous  process.  This  requires  the  development 
of  micro-techniques  for  biophysical  analysis  of  the 
opaque  region.  Such  techniques  include  those  re- 
quired to  measure  light  transmission,  fluorescence, 
phosphorescence  (triplet),  and  electron  paramagnet- 
ic resonance  spectra  (free  radical  and  triplet  genera- 
tion). The  recent  development  of  13C  and  31P 
probes  for  nuclear  magnetic  resonance  spectroscopy 
provides  an  excellent  noninvasive  technique  to 
study  details  of  metabolic  events  and  molecular 
changes  responsible  for  the  development  of  light- 
scattering  areas  (cortical  opacities),  for  example, 
protein-water  interaction  in  the  intact  normal  lens 
and  in  cataracts. 

It  is  essential  to  increase  the  supply  of  normal  and 
cataractous  human  lenses,  including  fetal  lenses,  for 
experimental  analysis  and  develop  a  long-term 
organ  culture  system.  The  latter  would  be  valuable 
for  studying  the  effects  of  putative  cataractogenic 
agents,  including  nutritional  factors,  minerals,  radi- 
ation, ultraviolet  light,  and  specific  ionic  changes. 
The  successful  organ  culture  of  the  bovine  lens  for 
periods  up  to  one  week  may  provide  a  useful  basis 
for  such  a  system.  Human  lens  epithelial  cells  have 
been  grown  in  short-term  culture.  This  technique 
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may  provide  a  basis  for  studying  the  state  of 
epithelial  cells  in  different  types  of  lens  opacity. 

Pending  the  development  of  an  in  vitro  system, 
the  search  for  a  suitable  animal  model  of  human 
senile  cataract  should  be  continued.  The  lens  of 
such  an  animal  should  reflect  as  closely  as  possible 
the  biochemical  conditions  of  the  aging  human  lens. 
The  biochemical  characteristics  of  subcapsular  and 
supranuclear  cataracts  in  aging  Wistar  rats  remain 
to  be  determined,  since  morphologically,  they  re- 
semble the  human  cortical  cataract.  Other  animal 
models  with  late  appearing  cataracts  require  further 
characterization,  including  the  mouse  and  the  deer 
mouse.  Possible  therapeutic  agents  such  as  antioxi- 
dants should  be  tested  in  animal  models. 

The  characterization  of  the  light  scattering  enti- 
ties in  the  cataractous  lens  requires  further  intensive 
study  and  should  include  the  combined  use  of 
morphological,  biochemical,  and  biophysical  (espe- 
cially noninvasive)  techniques.  The  specific  cross- 
links involved  in  the  formation  of  the  high  molecu- 
lar weight  nondisulfide-linked  aggregates  found  in 
the  nuclear  cataractous  lens  remain  to  be  elucidated. 
It  is  especially  important  to  compare  the  structure 
of  the  light  scattering  entities  in  cortical  and  nuclear 
cataracts.  Whether  the  same  or  different  mecha- 
nisms are  involved  in  cortical  and  nuclear  formation 
remains  to  be  determined.  Furthermore,  it  has  not 
yet  been  proved  that  the  high  molecular  weight 
aggregates  exist  as  such  in  vivo  and  are  in  fact  the 
light-scattering  entities. 

Further  study  of  the  molecular  structure  of  the 
plasma  membrane  and  its  interaction  with  the 
cytoplasmic  protein,  crystallin,  and  cytoskeleton  is 
essential.  The  role  of  the  plasma  membrane  in 
regulating  the  metabolic  and  ionic  state  of  a  cell  and 
maintaining  its  structure  makes  it  a  prime  suspect  as 
the  site  of  origin  of  the  cataractous  process.  In 
particular,  the  metabolically  incompetent  fiber  cells 
depend  on  a  highly  specialized  membrane  for 
maintaining  their  internal  environment.  Important 
interacting  systems  are  membrane-membrane,  mem- 
brane-intercellular space,  and  membrane-cytoplasm. 
Membrane  studies  should  involve  the  analysis  of 
protein,  carbohydrate  and  lipid  components,  trans- 
port mechanisms,  and  role  of  ions  in  maintaining 
structure  and  function.  The  cataractous  lenses 
should  be  studied  morphologically  and  electrophysi- 
ologically  to  detect  changes  in  gap  junction  struc- 
ture and  permeability.  Lipid  deterioration  in  the  lens 
membrane  may  be  a  crucial  subject  for  study, 
because  this  condition  may  expose  membrane  pro- 
teins to  oxidative  change. 

These  studies  will  require  an  interdisciplinary 
approach,  involving  integrative  biochemical,  bio- 
physical, and  morphological  studies.  Promising 
techniques  are  immunocytochemistry  at  the  ultra- 
structural  level;  use  of  membrane  probe  reagents, 
cross-linking  reagents,  and  x-ray  and  laser  diffrac- 


tion methods  to  reveal  molecular  interactions;  ultra- 
structural  analysis  of  the  fiber  cell  surface  from 
normal,  diseased,  and  experimentally  treated  lenses 
of  defined  optical  states;  generation  of  fiber  lipid 
membrane  vesicles  to  test  protein-lipid  and  protein- 
protein  interactions;  and  use  of  electrophysiological 
methods  to  study  membrane  permeability  proper- 
ties. 

The  structure  of  human  lens  proteins,  including 
their  three-dimensional  organization,  should  be  ac- 
tively studied  using  morphological  and  biochemical 
techniques.  Localizing  specific  proteins  in  identifi- 
able morphological  entities  is  important  for  under- 
standing the  cytoarchitecture  of  the  fiber  cell  and 
analyzing  the  sequence  of  derangements  that  occur 
during  cataractogenesis. 

The  source,  nature,  and  effect  of  oxidants  on  the 
human  lens  require  further  study.  This  can  be  done 
in  vitro  and  concomitantly  in  appropriate  animal 
models  both  in  vivo  and  in  vitro.  Studies  should  be 
conducted  to  determine  whether  peroxidation  and 
other  oxygen-induced  oxidations  (such  as  those  of 
amino  acids)  participate  in  cataract  formation.  Stud- 
ies are  required  of  the  various  endogenous  mecha- 
nisms that  normally  protect  the  lens  against  photo- 
catalytic  peroxidative  and  oxidative  processes  in- 
volving oxygen  radicals  and  their  derivatives.  Di- 
etary control  of  peroxidation  and  oxidation  should 
be  explored. 

Several  recent  technological  advances  have  been 
applied  rapidly  to  the  study  of  the  lens.  Some  of 
these  include  noninvasive  techniques  such  as  Raman 
spectroscopy  to  measure  total  sulfhydryl  in  the 
intact  lens, 90  electron  spin  resonance  spectroscopy 
to  monitor  free  radical  formation,91  laser  light 
scattering, 92  and  optic  mixing  spectroscopy.  This  is 
an  important  development  in  cataract  research, 
which  should  be  encouraged  through  the  allocation 
of  specific  funds  for  research  equipment. 

Investigators  from  diverse  scientific  fields  should 
be  encouraged  to  enter  cataract  research.  A  vig- 
orous postdoctoral  training  program  is  essential  for 
continued  progress  of  the  field.  In  particular,  aca- 
demic physicians  should  be  encouraged  to  enter  lens 
research.  Short  courses  or  symposia  should  be  held 
annually  to  give  investigators  an  overview  of 
developments  in  diverse  areas  of  cataract  research. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Senile  Cataract,"  the  Panel 
has  made  the  following  recommendations  concern- 
ing research  in  this  subprogram  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
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ings:  Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in    these   areas   are    forthcoming. 


Conduct  biochemical  studies  of  high  molecular 
weight  lens  protein  aggregates  and  studies  of  the 
structure  of  normal  lens  proteins  and  oxidative 
and  other  changes  that  occur  with  aging. 

Study  the  antioxidant  defense  mechanisms  of  the 
lens,  including  relevant  enzyme  kinetics.  Deter- 
mine whether  peroxidation  and  other  oxygen- 
induced  oxidations  participate  in  cataract  forma- 
tion. 

Develop  an  objective,  in  vivo  cataract  classifica- 
tion system. 


Program  Development  Priorities 

■  Study  the  role  of  environmental  factors  such  as 
ultraviolet  light  and  nutrients  in  vitro  (on  human 
and  animal  lenses)  and  in  vivo  in  appropriate 
animal  models. 

■  Develop  an  in  vitro  culture  system  for  the  human 
lens. 


Program  Base 

■  Study  the  natural  history  of  the  cataractous 
process  and  risk  factors,  using  a  multidisciplinary 
approach. 

■  Study  the  molecular  architecture,  biochemical 
composition,  function,  and  fate  of  the  plasma 
membrane  of  normal  and  cataractous  human  lens 
fiber  cells,  and  the  interaction  between  the 
plasma  membrane,  the  cytoskeleton,  and  soluble 
lens  proteins. 

■  Characterize  the  light  scattering  entities  of  the 
cataractous   lens    using    noninvasive   techniques. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 

SENILE  CATARACT 


No.  of  Grants 

Panel  Recommendation  FY  83 

FY  1981 

Add. 

Grants 

Total  Grants 

0 

1 

1 

15 

1 

16 

5 

2 

7 

2 

1 

3 

1* 

0 

1 

Program  Base 

A.  Study  the  natural  history  of  the  cataractous  process 
and  of  risk  factors. 

B.  Study  the  plasma  membrane  of  normal  and 
cataractous  human  lens  fiber  cells  and  its  interaction 
with  cytoskeletal  and  soluble  lens  proteins. 

C.  Characterize  light  scattering  entities  of  the  cataractous 
lens. 

D.  Study  the  antioxidant  defense  mechanisms  of  the  lens; 
relevant  enzyme  kinetics. 

E.  Develop  a  cataract  classification. 

Program  Development  Priorities 

A.  Study  environmental  factors  such  as  UV  light  and 
nutrients. 

B.  Develop  a  culture  system  for  the  human  lens. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


24 
(24) 

$2,158,000 


9 

(25) 

$1,406,000 


33 

(24) 

$3,564,000 


•An  activity  of  the  Cooperative  Cataract  Research  Group. 
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4 


DIABETIC  AND 

METABOLIC 

CATARACT 

INTRODUCTION 


THIS  SUBPROGRAM  ENCOMPASSES  research 
on  cataracts  produced  as  a  result  of  diabetes, 
galactosemia  (excess  galactose  in  blood),  or  other 
disorders  of  sugar  metabolism.  The  unusual  vulner- 
ability of  the  lens  to  high  sugar  levels  is  due  to  its 
unique  metabolism  of  carbohydrates. 12  Lens  opac- 
ities can  also  result  from  blood  sugar  deficiency. 
Such  so-called  hypoglycemic  cataracts  occasionally 
are  seen  in  humans.  Other  types  of  metabolic 
cataracts  include  those  resulting  from  nutritional 
and  genetic  factors. 

There  is  increasing  evidence  that  people  with 
diabetes  mellitus  have  a  risk  of  an  earlier  onset  of 
senile  cataracts.3"8  (See  Chapter  2,  "Epidemiology 
of  Cataract").  As  the  general  age  of  the  population 
increases,  an  increase  in  senile  cataract  formation, 
and  maturity-onset  diabetes,  may  be  expected.  Until 
recently,  the  data  on  the  incidence  and  prevalence 
of  cataracts  in  diabetic  patients  were  sketchy  and 
often  contradictory.3-7  But,  as  a  result  of  studies 
supported  by  the  National  Eye  Institute,  an  associ- 
ation between  senile  lens  changes  and  diabetes  has 
been  found  in  data  from  two  separate  general 
population  studies:  the  Framingham  Eye  Study  and 
the  National  Health  and  Nutrition  Examination 
Survey.9"11  In  both  studies,  a  marked  excess  preva- 
lence of  senile  cataracts  occurred  in  diabetics  under 
age  65; 8  in  fact,  the  prevalence  of  cataract  was  three 
to  four  times  higher  in  diabetics  than  in  nondiabet- 
ics.  Less  marked  excess  prevalence  was  found  in 


one  of  the  two  studies  for  diabetics  over  65  years  of 
age. 

In  contrast  to  the  probable  association  between 
diabetes  and  senile  cataracts,  no  clinical  or  epidemi- 
ological data  support  the  conclusion  that  inadequate 
nutrition  may  contribute  directly  to  the  deteriora- 
tion of  the  human  lens.  However,  there  is  a 
suggestive  impression  that  senile  cataract  is  more 
common,  and  occurs  at  an  earlier  age,  in  regions  of 
Africa,  China,  and  India,  where  the  nutritional 
status  of  individuals  is  known  to  be  poorer  than  in 
Western  countries. 12 

The  possible  importance  of  nutritional  factors  is 
further  suggested  by  the  formation  of  cataracts  in 
young  laboratory  animals  subjected  to  diets  defi- 
cient in  proteins,  amino  acids,  or  certain  vita- 
mins. 12~14  Another  type  of  cataract  associated  with 
mineral  metabolism  in  laboratory  animals  involves  a 
deficiency  of  selenium,  a  cofactor  for  the  enzyme 
glutathione  peroxidase. 15 

The  genetic  nature  of  many  types  of  congenital 
cataracts  (see  Chapter  5,  "Nongenetic  Congenital 
and  Genetic  Cataracts  and  Dislocated  Lenses")  has 
long  been  recognized,  but  the  specific  metabolic 
lesions  responsible  for  most  of  these  cataracts  are 
not  known.  In  galactosemia,  a  hereditary  recessive 
disease,  the  absence  or  depression  in  the  activity  of 
one  of  the  enzymes  of  galactose  metabolism  is  the 
causative  factor. 16 

Research  on  diabetic  and  metabolic  cataracts  is 
relevant  not  only  to  other  areas  of  cataract  research, 
but  to  vision  research  and  biomedical  research  in 
general.  For  example,  research  classified  in  this 
subprogram  has  a  bearing  on  studies  of  the  normal 
lens  and  on  congenital  and  senile  cataracts.  Re- 
search on  diabetic  cataracts  has  particular  relevance 
to  studies  of  other  ocular  disorders,  especially 
diabetic  retinopathy,  which  is  a  major  complication 
of  diabetes  mellitus.  This  research  is  also  relevant  to 
such  other  diabetic  complications  as  neuropathy  and 
nephropathy.  The  relationship  of  research  in  this 
subprogram  to  the  problems  of  aging  is  also  appar- 
ent. 
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SUBPROGRAM 
OBJECTIVES 


To  understand  and  identify  the  factors  involved 
in  the  development  of  diabetic  and  metabolic 
cataracts. 

To  develop  safe  and  effective  drugs  that  will 
slow  or  block  the  development  of  diabetic  cata- 
racts in  man. 

To  establish  cell  lines  in  tissue  culture  from 
cataracts  of  different  etiology. 

To  determine  conclusively  whether  diabetes  can 
hasten  the  development  of  senile  cataracts. 

To  establish  the  role  of  nutrition  in  the  causation 
of  human  senile  cataracts  through  epidemiolog- 
ical studies. 

To  develop  additional  animal  models  for  the 
study  of  diabetic  and  metabolic  cataracts. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

The  important  developments  in  diabetic  cataract 
research  during  the  last  five  years  are  based  on 
extensive  basic  research  supported  by  the  National 
Institutes  of  Health  over  the  last  two  decades,  in  the 
past  12  years  primarily  by  the  National  Eye  Insti- 
tute. "_23An  understanding  of  the  nature  of  diabetic 
cataracts,  and  of  other  ocular  and  systemic  compli- 
cations of  diabetes,  is  evolving  from  detailed  studies 
of  sugar  cataracts  either  produced  experimentally  or 
found  in  some  animals  with  congenital  diabetes. 
Such  studies  are  concerned  with  testing  the  hypoth- 
esis that  the  initiating  factor  in  this  type  of  cataract 
in  humans  is  the  enzyme  aldose  reductase  that 
converts  excess  sugar  to  sugar  alcohol,  which 
causes  swelling  of  lens  fibers,  and  leads  to  a  chain  of 
events  that  finally  results  in  cataract  formation. 
Studies  are  aimed  also  at  devising  means  to  delay  or 
prevent  the  formation  of  diabetic  and  metabolic 
cataracts.  One  major  objective  is  to  validate  the 
hypothesis  that  the  action  of  the  enzyme  aldose 
reductase  (AR)  is  the  initiating  factor  in  human 
diabetic  cataract,  develop  effective  drug  inhibitors 
of  AR,  and  test  their  efficacy  in  delaying  or 
preventing  such  cataracts  first  in  animals  and  then  in 
human  diabetics.  Several  pharmaceutical  companies 
have  played  a  leading  role  in  developing  many  new 
aldose  reductase  inhibitors. 

Attempts  are  being  made  also  to  establish  cell 
lines  from  different  types  of  cataractous  lenses  using 


tissue  culture  techniques.  This  approach  should 
permit  biochemical  characterization  of  the  disease 
process  not  only  in  animal  models  but  in  human 
genetic  cataracts,  which  are  not  frequently  available 
for  study. 

Other  studies  supported  by  the  National  Eye 
Institute  include  a  broad  range  of  investigations 
concerned  with  chemical  and  metabolic  pathways; 
transport  of  electrolytes  and  other  cellular  constitu- 
ents; and  metabolism  of  carbohydrates,  proteins, 
amino  acids,  and  glutathione  both  in  the  normal  lens 
and  under  natural  and  experimental  conditions  that 
lead  to  cataract  formation.  In  particular,  studies  are 
underway  on  agents  such  as  hydrogen  peroxide  or 
superoxide  radicals,  which  may  be  involved  in 
cataract  formation;2425  the  role  of  the  enzymes 
superoxide  dismutase, 26  catalase, 27  glutathione  per- 
oxidase, 15  and  glutathione  reductase; 26  changes  in 
membrane  proteins;  the  role  of  antioxidants  such  as 
vitamin  E;  and  other  factors  that  are  important  to 
understanding  metabolic  and  other  cataracts. 

Another  potentially  significant  line  of  research  is 
investigating  the  effect  of  cation  imbalance  in  the 
lens  on  protein  synthesis.2829  Researchers  have 
shown  that  the  cation  imbalance  in  sugar  cataracts 
and  in  animal  models  with  hereditary  cataracts 
adversely  affects  protein  synthesis. 28-30'31 

In  1981,  the  NEI  funded  19  research  grants  at  a 
total  cost  of  $1,417,000  in  this  subprogram.  Howev- 
er, these  figures  are  somewhat  misleading  for  two 
reasons:  (1)  in  several  of  these  projects,  research  on 
diabetic  and  metabolic  cataracts  appears  to  be  only 
a  minor  part  of  the  work;  and  (2)  the  research 
support  has  grown  little  since  1977;  only  four  grants 
are  new  and  many  of  the  grants  are  ones  which 
have  continued  over  several  years.  Although  few 
studies  concerned  primarily  and  directly  with  dia- 
betic and  metabolic  cataracts  are  supported  by  the 
National  Eye  Institute,  certain  lines  of  research 
being  supported  in  The  Normal  Lens  and  Senile 
Cataract  subprograms  help  meet  the  research  objec- 
tives for  this  subprogram. 

Including  investigators  in  the  intramural  program 
of  the  National  Eye  Institute,  only  four  research 
groups  nationwide  are  directly  involved  in  the  study 
of  diabetic  cataracts,  representing  a  total  of  10  to  12 
investigators.  Thus,  there  is  a  great  need  to  expand 
support  for  this  subprogram. 


RECENT 
ACCOMPLISHMENTS 


A  major  accomplishment  in  cataract  research  has 
been  the  elucidation  of  the  initiating  factors  in  sugar 
cataracts  either  produced  experimentally  or  found 
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in  some  animals  with  congenital  diabetes.  During 
the  last  five  years,  it  has  been  well-established  that 
the  formation  of  polyols  is  the  major  cause  of 
cataractogenesis  in  diabetes  and  galactosemia.  '•32-33 
This  results  from  the  fact  that  there  is  a  low  level  of 
hexokinase  in  the  lens,  an  enzyme  which  regulates 
the  rate  of  glucose  metabolism.  Another  enzyme, 
aldose  reductase,  competes  with  hexokinase  and  is 
activated  when  sugar  levels  are  elevated  and  con- 
verts sugars  to  polyols  (Figure  1). 18  In  this  sequence 
of  reactions,  pyridine  nucleotides  and  the  mecha- 
nisms responsible  for  their  generation  in  the  lens 
play  an  important  part.34,35  The  accumulation  of 
polyols,  which  do  not  freely  diffuse  out  of  cells  and 
are  not  actively  metabolized,  accumulate  to  high 
levels,  causing  cells  to  swell  and  eventually  rupture. 
The  osmotic  events  caused  by  polyol  retention 
initiate  a  series  of  events  leading  to  opacification. 
The  most  convincing  evidence  for  the  polyol- 
osmotic  hypothesis  was  obtained  from  in  vivo 
experiments. 

The  polyol  hypothesis  has  led  to  the  discovery 
and  development  of  several  inhibitors  of  aldose 
reductase,  which  have  been  used  to  delay  or 
prevent  diabetic  cataracts  in  animals.  For  this 
research,  the  purification  and  study  of  the  properties 
of  the  enzyme  aldose  reductase  have  been  cru- 
cial. 19'20'35-38  Earlier  studies  by  NEI-supported  re- 
searchers showed  that  the  compound  Alrestatin,  an 
aldose  reductase  inhibitor,  can  prevent  the  produc- 
tion of  polyols  in  vitro  and  delay  cataractogenesis  in 
galactose-fed  animals. 39  Next  came  the  studies  with 
flavonoids,  inhibitors  even  more  potent  than  Alres- 
tatin. 39~43  In  galactosemic  rats,  systemic  administra- 
tion of  the  flavonoid  quercetin  effectively  delayed 
the  onset  of  cataract  formation. 42  Recently  the 
development  of  the  most  potent  AR  inhibitor, 
Sorbinil,  has  validated  the  polyol  hypothesis  in  the 
most  convincing  manner  by  preventing  or  delaying 
the  formation  of  sugar  cataracts.  The  course  of 
cataract  formation  in  galactose-fed  rats  also  was 
blocked  strikingly  by  treatment  with  Sorbinil. 44 
Lenses  of  galactosemic  rats  develop  vacuoles  in 
three  days  and  a  dense  nuclear  opacity  within  two 
weeks.  However,  with  Sorbinil  treatment,  no  lens 


changes  occurred  during  a  four-month  study 
(Figure  2). 

Validation  of  the  polyol-osmotic  hypothesis  from 
experiments  with  diabetic  animals  was  more  difficult 
to  achieve  because  it  takes  diabetic  rats  two  or  three 
months  to  develop  cataracts.  Octodon  degus  (a  South 
American  rodent)  has  proved  to  be  a  useful  model 
for  the  study  of  diabetic  cataracts.  The  lenses  of  the 
degus  contain  an  unusually  high  level  of  aldose 
reductase.  Thus,  when  made  diabetic,  the  degus 
develop  cataracts  in  two  weeks.  Oral  feeding  with 
flavonoid  delayed  onset  of  the  degus  cataract  for 
nearly  five  weeks. 45 

The  onset  of  cataracts  in  streptozotocin-induced 
diabetic  rats  also  has  been  delayed  indefinitely  by 
treatment  with  Sorbinil. 44  Lens  changes  in  the  form 
of  equatorial  vacuoles  appear  in  diabetic  rats  within 
three  weeks,  and  a  dense  nuclear  opacity  within  six 
to  ten  weeks.  Diabetic  rats  treated  with  Sorbinil  did 
not  develop  any  lens  changes,  not  even  vacuoles, 
during  six  months  of  observation. 

Certain  strains  of  mice  with  congenital  diabetes 
and  substantial  hyperglycemia  do  not  develop  cata- 
racts. These  experimental  observations  appear  to 
contradict  the  polyol  theory  of  cataract  formation 
in  diabetes.  An  explanation  for  this  puzzling  situa- 
tion emerged  when  it  was  found  that  aldose  reduc- 
tase activity  is  very  low  in  the  lenses  of  these  mice. 
Thus,  despite  the  hyperglycemia,  these  lenses  accu- 
mulate very  little  sorbitol  and  therefore  change  very 
little. 46  To  date,  cataracts  have  not  been  induced  in 
mice  by  galactose  feeding  or  by  experimental 
diabetes.  These  studies  underscore  the  importance 
of  the  sorbitol  pathway  in  the  etiology  of  diabetic 
cataracts. 

The  clinical  importance  of  research  on  diabetic 
cataracts  cannot  be  overestimated.  Although,  the 
involvement  of  the  polyol  pathway  and  the  role  of 
the  aldose  reductase  enzyme  in  cataract  formation 
have  been  clearly  demonstrated  in  diabetic  ani- 
mals,32,34 when  this  theory  is  applied  to  diabetic 
humans  the  analogy  is  not  as  clear  as  one  would 
desire  with  respect  to  cataract  formation.  In  the 
human  lens  aldose  reductase  activity  is  much  less 
than  that  in  rat  lens,  but  the  enzyme  does  function  as 
evidenced  by  the  significant  quantities  of  sorbitol 
found  in  human  diabetic  cataracts. 47  Recent  studies 
carried  out  by  the  CCRG  have  shown  that  in 
human  lenses  increased  levels  of  sorbitol  were 
correlated  with  increased  blood  sugar  levels.  The 
production  of  sorbitol  and  the  resulting  lens  swell- 
ing can  be  delayed  in  in  vitro  cultured  human  lenses 
through  the  use  of  aldose  reductase  inhibitors.47"49 

The  most  significant  impact  of  the  aldose  reduc- 
tase studies  in  diabetic  cataracts  is  that  it  stimulated 
investigators  to  explore  the  possibility  that  this 
enzyme  is  involved  in  diabetic  complications  of 
other  tissues.  There  has  been  extensive  research  on 
the   possible   role   of  this   enzyme   in   neuropathy, 
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FIGURE  2.  Male  Sprague-Dawley  albino  rats  were  fed  a  50  percent 
galactose  diet.  Some  of  these  rats  were  treated  with  Sorbinil.  (A)  Rats  on  a 
galactose  diet  only  for  3  days  show  vacuoles  in  the  bow  region.  (B) 
Mature  cataract  stage;  rats  on  galactose  diet  for  3  weeks.  There  is 
complete  liquefaction  of  the  cortex.  The  bow  area  of  the  lens  still  shows 
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formation  of  new  lens  fibers.  The  newly  formed  fibers  are  edematous.  (C) 
Sorbinil-treated  galactosemic  rat,  after  8  months  on  a  50  percent  galactose 
diet.  Section  of  the  bow  area  shows  none  of  the  changes  seen  in  the 
untreated  rat  and  cannot  be  distinguished  from  that  of  the  normal  controls. 
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diabetic  retinopathy,  and  nephropathy.  36,37,50~53  In 
a  recent  study  of  human  diabetics  the  conduction 
velocity  of  motor  and  sensory  nerves  was  improved 
by  Sorbinil  treatment.  This  is  the  first  demonstration 
that  an  aldose  reductase  inhibitor  had  a  positive 
effect  in  a  human  diabetic.  It  is  believed  that 
decreased  nerve  conduction  velocity  is  an  early 
abnormality  in  the  progressive  nerve  damage  in 
diabetes.  Of  potential  significance  also  are  the 
demonstration  that  retinal  capillaries  in  tissue  cul- 
ture accumulate  sorbitol  when  incubated  in  high 
glucose  medium 54  and  the  finding  that  aldose 
reductase  may  have  a  role  in  the  delayed  reepithe- 
lialization  of  the  cornea  in  diabetic  patients  follow- 
ing ocular  injury  or  surgery.  32,33 

In  galactosemic  animals,  the  sciatic  nerve  accu- 
mulates polyol  (the  sugar  alcohol),  which  is  inhibit- 
ed by  feeding  aldose  reductase  inhibitors. 55  Treat- 
ment with  aldose  reductase  inhibitors  was  found 
also  to  maintain  normal  nerve  conduction  in  these 
animals. 55  Less  is  known  about  the  role  of  aldose 
reductase  in  the  kidney  where  the  enzyme  is  also 
present. 55  It  has  been  observed  that  many  patients 
undergoing  renal  dialysis  have  developed  cataracts, 
but  nothing  is  known  about  the  possible  mecha- 
nism. 56  In  the  evaluation  of  aldose  reductase  inhibi- 
tors, differences  have  been  observed  in  the  suscepti- 
bility of  aldose  reductase  in  human  placenta,  human 
lens,  and  rat  lens.  19,2°  The  results  suggest  that  (1) 
there  are  tissue-specific  differences  in  the  suscepti- 
bility of  aldose  reductase  to  inhibition,  and  (2) 
currently  no  "universally  potent"  aldose  reductase 
inhibitor  exists.  These  studies  are  pertinent  to 
designing  specific  aldose  reductase  inhibitors  and  to 
an  eventual  clinical  trial  of  aldose  reductase  inhibi- 
tors in  human  diabetic  cataracts.  Because  in  humans 
it  may  be  many  years  after  the  diagnosis  of  diabetes 
before  a  cataract  develops,  the  effects  of  the  aldose 
reductase  inhibitors  are  being  tested  first  in  neurop- 
athy, second  in  retinopathy,  and  finally  in  cataract. 
Another  recent  observation  is  that  the  ratio  of  the 
two  sorbitol  pathway  enzymes  in  the  human  lens 
differs  from  that  in  all  animal  lenses. 57  These 
findings  may  be  important  in  the  clinical  use  of 
inhibitors  to  alter  the  activity  of  these  enzymes. 

The  relationship  of  hormones  and  cataractogene- 
sis  had  only  been  superficially  explored  until  recent- 
ly. The  mitogenicity  of  some  polypeptide  growth 
factors  has  been  evaluated  in  rabbit  lenses  in  organ 
culture. 58  Attempts  are  being  made  to  characterize 
the  effect  of  insulin,  insulin-growth  factor,  fibroblast 
growth  factor,  and  epidermal  growth  factor  on 
rabbit  and  human  lens  epithelial  cells  in  tissue 
culture. 59 

Another  development  is  the  postulate  that  cata- 
ract formation  in  diabetes  may  be  due  to  an  increase 
in  glycosylation  of  crystallins. 60  However,  this  has 
not  been  confirmed;  treatment  with  aldose  reductase 


inhibitors  does  not  reduce  the  increased  rate  of 
glycosylation  in  diabetic  rats.  61 

A  systematic  study  of  the  biochemical  factors  in 
the  genetic  cataracts  of  the  Nakano  mouse  and  the 
Philly  mouse  has  shown  that  these  opacities  are  of 
the  osmotic  type. li62  In  the  Nakano  mouse,  the  basic 
defect  is  in  ion  transport  as  a  result  of  an  inhibitor  of 
Na-K  ATPase  produced  in  the  lens,  whereas  in  the 
Philly  mouse  membrane  permeability  is  impaired. 
The  inhibitory  factor,  which  is  present  only  in  the 
lens,  has  been  isolated  and  characterized  by  grow- 
ing cell  lines  of  Nakano  mouse  epithelium  in  tissue 
culture. 63 

Although  no  significant  treatment  breakthroughs 
have  occurred  with  regard  to  cataracts  resulting 
from  any  specific  metabolic  blocks,  much  basic 
information  has  been  obtained  about  a  number  of 
biochemical  factors  in  the  development  of  these 
various  opacities,  such  as  transport  and  membrane 
permeability,  morphology,  activity  of  enzymes  and 
coenzymes,   and   proteins   and   their   modification. 

An  important  factor  in  the  initiation  of  cataracto- 
genesis  appears  to  be  lens  hydration,  which  is 
associated  with  a  large  increase  in  the  lenticular 
concentration  of  sodium  ion  and  a  decrease  in  the 
concentration  of  potassium  ion.  Among  the  osmotic 
cataracts  with  an  elevated  Na+/K+  ratio  are  galac- 
tosemic 23  and  diabetic  cataracts, 33  x-ray-induced 
cataract, 64  and  the  hereditary  cataracts  in  the 
Nakano  and  Philly  mouse.62  NaVK+  ratios  have 
important  effects  on  protein  synthesis.  A  differential 
reduction  in  crystallin  synthesis  has  been  correlated 
with  changes  in  cation  balance,  as  shown  in  a 
variety  of  experimental  cataracts,  such  as  in  Nakano 
and  Philly  mouse  lenses  and  galactosemic  and 
hypocholesteremic  rat  lenses. 30,65'66  This  effect  of 
cation  imbalance  on  protein  synthesis  is  reversed 
when  a  normal  Na+/K+  ratio  is  restored  during  the 
reversal  phase  of  galactose  cataracts. 2S 

Further  studies  have  shown  that  cation  imbalance 
affects  crystallin  synthesis  by  interfering  with  an 
efficient  utilization  of  crystallin  messenger  RNAs  in 
cataracts. 30  Although  the  initiation  of  cataracts  may 
be  due  to  osmotic  changes,  the  biochemical  mecha- 
nisms involved  in  later  stages  of  cataract  develop- 
ment, particularly  the  nuclear  opacity,  are  not 
known.  The  possibility  cannot  be  ruled  out  that  an 
abnormality  in  cation  balance,  leading  to  an  aberra- 
tion in  protein  synthesis,  may  be  an  initiating  event 
in  the  formation  of  the  nuclear  opacity;  it  needs  to 
be  investigated  more  thoroughly. 

Although  the  mechanisms  leading  to  the  develop- 
ment of  nuclear  opacity  in  sugar  cataracts  are  not 
understood,  it  has  been  reported  that  the  nuclear 
opacity  in  galactosemic  cataract  results  from  light 
scattering  by  spatial  fluctuations  of  the  refractive 
index  formed  by  interspersed  regions  of  two  sepa- 
rated phases  of  the  lens  fiber  cell  cytoplasm.  In  vitro 
studies  indicate  that  the  phase  separation  tempera- 
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ture  strongly  depends  on  salt  concentration  and  that 
the  breakdown  of  membranes  in  galactose  cataracts 
leads  to  changes  in  protein  concentration  and  salt 
composition  inside  the  lens  fiber  cells.  67 

It  has  long  been  known  that  glutathione  levels 
(GSH)  decrease  in  cataractous  lenses.22-23  In  addi- 
tion, pronounced  changes  occur  also  in  the  levels  of 
free  amino  acids,  which  are  the  building  blocks  of 
proteins. 22  The  relationship  of  a  decrease  in  GSH  to 
cataract  formation  has  been  the  subject  of  many 
investigations.  Recent  studies  have  shown  that  GSH 
may  play  an  important  role  in  cation  transport,  and 
in  the  aggregation  of  proteins  in  x-ray-induced 
cataracts.  22  Whether  GSH  has  a  role  in  the  trans- 
port of  organic  molecules  is  not  known. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 


Although  the  enzyme  aldose  reductase  appears  to 
initiate  the  sequence  of  events  leading  to  cataract 
formation  in  diabetic  animals,  its  role  in  human 
diabetic  cataractogenesis  needs  to  be  studied  fur- 
ther. In  young  diabetics,  where  the  cataract  appears 
osmotic  in  nature,  aldose  reductase  is  most  likely 
involved.  However,  in  older  diabetics  aldose  reduc- 
tase may  only  be  a  contributing  factor  and  its  exact 
role  still  needs  to  be  ascertained.  Cataracts  develop 
in  primates  made  diabetic  with  streptozotocin. 68 
More  detailed  studies  of  the  differences  and  similari- 
ties between  human  and  animal  aldose  reductase 
must  be  made. 

The  initial  correlation  between  lens  sorbitol  for- 
mation and  blood  sugar  levels  in  humans  should  be 
verified,  and  the  activity  of  aldose  reductase  in 
normal  and  diabetic  human  lenses  should  be  com- 
pared. In  vivo  measurements  of  lens  swelling 
(volume  changes)  must  be  correlated  with  fluctu- 
ations in  blood  sugar  levels.  It  has  been  suspected 
for  a  long  time  that  transient  and  sudden  changes  in 
refraction,  seen  particularly  in  young  diabetics,  may 
be  related  to  high  blood  sugar.  Myopic  changes 
associated  with  an  increase  in  blood  sugar  or 
hyperopic  changes  seen  frequently  when  young 
diabetics  are  given  insulin  treatment  have  been 
thought  to  be  due  to  a  change  in  the  hydration  of 
the  cortical  zone  of  the  lens. 69  The  polyol  theory 
lends  strong  support  to  this  hypothesis.  These 
changes  in  vision,  resulting  from  alterations  in  blood 
sugar  level,  may  provide  a  means  of  testing  the 
efficacy  of  aldose  reductase  inhibitors  in  human 
diabetics.  In  addition  to  measurement  of  refractive 
errors,  slit-lamp  photography  utilizing  the  Scheim- 
flug  principle  could  be  used  for  the  in  vivo 
evaluation  of  the  effects  of  aldose  reductase  inhibi- 
tors in  clinical  trials. 


In  approaching  this  problem,  a  close  collabora- 
tion between  molecular  geneticists,  epidemiologists, 
and  clinicians  interested  in  cataract  research  is  most 
important.  Thus,  the  training  of  more  physicians  in 
lens  research  and  the  recruitment  of  more  epidemi- 
ologists to  this  field  is  important. 

New,  maximally  potent  aldose  reductase  inhibi- 
tors that  are  universally  effective  in  all  target  tissues 
must  be  designed.  This  can  only  be  accomplished 
after  the  minimum  molecular  structural  require- 
ments of  the  aldose  reductase  inhibitor  site  and  the 
mechanisms  of  action  of  these  inhibitors  have  been 
determined.  I9207°  Moreover,  methods  for  their  ad- 
ministration should  be  investigated. 

Pharmaceutical  companies  have  played  an  impor- 
tant role  in  expediting  the  development  of  chemical 
methods  to  delay  or  prevent  cataracts  as  well  as 
other  complications  of  diabetes.  Their  continued 
collaboration  with  the  Cooperative  Cataract  Re- 
search Group  (CCRG)  can  further  enhance  basic 
research,  whose  results  can  be  applied  to  the  human 
cataract  problem. 

It  is  expected  that  aldose  reductase  inhibitors  will 
need  to  be  administered  to  diabetics  over  a  long 
period  of  time  to  determine  any  treatment  effect. 
Very  little  is  known  about  the  disposition  of  these 
drugs  in  the  lens  and  in  the  rest  of  the  eye.  Of  the 
few  studies  on  the  toxicology  of  aldose  reductase 
inhibitors,  most  are  being  carried  out  by  pharmaceu- 
tical companies  and  remain  unpublished.  One  pub- 
lished report  indicated  that  one  AR  inhibitor,  the 
flavonoid  quercetin,  is  mutagenic. 71  Therefore, 
more  research  needs  to  be  done  on  the  potential 
toxicological  effects  of  these  compounds. 

Comparative  studies  of  aldose  reductase  and 
polyol  dehydrogenase  should  be  continued  in 
animal  and  human  lenses,  especially  of  the  kinetic 
characteristics  of  the  purified  enzymes  and  their 
susceptibility  to  potential  inhibitors.  Changes  in  the 
level  of  pyridine  nucleotides  in  diabetic  and  galac- 
tosemic  lenses  may  have  an  important  influence  on 
sorbitol  dehydrogenase  and  glutathione  reductase. 
Therefore,  further  investigations  of  pyridine  nucleo- 
tide levels  and  the  pentose  shunt  mechanism,  which 
is  responsible  for  production  of  the  reduced  form  of 
nicotinamide-adenine  dinucleotide  phosphate 
(NADPH)  in  animal  and  in  human  diabetic  cata- 
racts, should  be  encouraged. 

Although  the  initiating  mechanism  in  experimen- 
tal sugar  cataracts  is  well-established,  the  appear- 
ance of  the  dense  nuclear  opacity  in  the  later  stages 
is  less  understood.  More  effort  is  needed  to  clarify 
this  process  because  dense  nuclear  opacities  are 
common  in  many  experimental  and  hereditary  cata- 
racts. An  understanding  of  their  development  may 
lead  also  to  an  insight  into  human  cataracts. 

The  use  of  lens  tissue  for  establishing  well- 
characterized  lens  cells  in  laboratory  culture  has 
great  potential.  Cultured  cells  from  both  animal  and 
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human  lenses,  about  which  age,  medical  history  and 
pathology,  and  genetic  abnormalities  are  known, 
can  be  subjected  to  detailed  analysis.  The  identifica- 
tion of  the  cataractogenic  factor  in  the  Nakano 
mouse  lens,  made  possible  by  the  successful  tissue 
culture  of  the  lens  cells, 72  indicates  that  such  an 
approach  may  be  feasible  in  identifying  specific 
factors  involved  in  human  genetic  cataracts. 

An  association  of  human  cataracts  with  a  defi- 
ciency of  the  enzyme  glucose-6-phosphate-dehydro- 
genase  (G6PD)  in  red  blood  cells  has  been  recog- 
nized for  some  time.  This  finding  has  not  been 
pursued,  possibly  because  of  the  lack  of  suitable 
animal  models.  Much  useful  information  could  be 
gained  on  the  possible  role  of  this  enzyme  in 
producing  cataracts  if  appropriate  animal  models 
can  be  found.  A  recent  observation  that  presenile 
cataract  formation  is  associated  with  decreased 
activity  of  galactosemic  enzymes  in  the  erythro- 
cytes of  young  patients 73  is  worthy  of  further  study. 

Finally,  it  is  important  that  systematic  epidemi- 
ologic studies  of  the  role  of  nutrition  in  cataracts  be 
undertaken,  especially  in  areas  where  cataract  de- 
velopment has  been  observed  in  younger  age 
groups.  An  additional  approach  would  be  to  exam- 
ine the  plasma  levels  of  nutrients  such  as  amino 
acids,  vitamins,  and  minerals  as  well  as  the  activity 
of  the  enzymes  hexokinase  and  G6PD  in  cataract 
patients.  The  study  of  trace  elements  in  the  plasma 
and  in  the  cataracts  themselves  can  be  easily 
accomplished  with  neutron  activation  analysis,  a 
method  which  can  quantify  many  elements  in  a 
single  assay. 

Studies  of  the  role  of  calcium  ion  and  other  ions 
in  cataract  formation  should  also  be  further  expand- 
ed. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Diabetic  and  Metabolic  Cata- 
ract," the  Panel  has  made  the  following  recommen- 
dations concerning  research  in  this  subprogram  over 
the  next  five  years.  These  have  been  grouped  under 
two  headings:  Program  Base  and  Program  Develop- 
ment Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless;  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 


innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research    grants   in    these   areas   are   forthcoming. 

Program  Base 

■  Study  the  chemical  pathways  involved  in  diabet- 
ic and  metabolic  cataracts. 

■  Study  the  metabolism  of  proteins,  especially  the 
synthesis,  aggregation,  degradation,  and  leakage 
of  crystallins  during  the  formation  of  diabetic  and 
metabolic  cataracts. 

■  Examine  the  characteristics  of  aldose  reductase  in 
animal  and  human  lenses  and  its  susceptibility  to 
drugs,  and  develop  more  effective  and  safe 
inhibitors  of  aldose  reductase  that  can  delay 
cataract  formation. 

■  Determine  the  safety  and  efficacy  of  drugs  that 
may  delay  diabetic  cataract  formation. 

■  Establish  more  clearly  the  role  of  aldose  reduc- 
tase, hexokinase,  and  sorbitol  dehydrogenase  in 
human  diabetic  cataract  formation. 


Program  Development  Priorities 

■  Establish  cell  lines  of  lenses  from  both  animal  and 
human  sources  with  known  genetic  abnormali- 
ties. 

■  Conduct  epidemiologic  and  biochemical  studies 
to  establish  the  role  of  nutrition  in  cataract 
formation. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 


DIABETIC  AND  METABOLIC  CATARACT 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Study  the  chemical  pathways  in  diabetic  and  metabolic 
cataracts. 

B.  Study  the  metabolism  of  proteins,  especially 
crystallins,  during  the  formation  of  diabetic  and 
metabolic  cataracts. 

C.  Examine  the  characteristics  of  aldose  reductase  in 
animal  and  human  lens;  drug  susceptibility;  AR 
inhibitors. 

D.  Determine  safety  and  efficacy  of  drugs  that  may  delay 
diabetic  cataract  formation. 

E.  Establish  role  of  aldose  reductase,  hexokinase,  and 
sorbitol  dehydrogenase  in  human  diabetic  cataract 
formation. 

Program  Development  Priorities 

A.  Establish  cell  lines  from  animal  and  human  sources 
with  known  genetic  abnormalities. 

B.  Conduct  epidemiologic  and  biochemical  studies  to 
establish  role  of  nutrition  in  cataract  formation. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


4 
4 


0 

2 

2 

1 

1 

2 

19 

4 

23 

(19) 

(11) 

(17) 

$1,417,000 

$1,067,000 

$2,484,000 
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A.  NONGENETIC 
CONGENITAL  AND 
GENETIC 
CATARACTS 

INTRODUCTION 


CONGENITAL  CATARACTS  FALL  into  two 
broad  categories:  nongenetic  (those  acquired  during 
uterine  life)  and  genetic.  Nongenetic  congenital 
cataracts  usually  are  accompanied  by  other  ocular 
features,  such  as  pepper-and-salt  retinopathy,  or 
extraocular  features,  such  as  deafness  or  cardiac 
disease,  or  even  mental  retardation,  as  evidence  of  a 
widespread  prenatal  viral  disease.  Genetic  cataracts 
can  occur  either  at  birth  or  at  a  later  stage  in 
development  as  infantile  or  juvenile  cataracts.  A 
strong  genetic  influence  is  often  observed  in  presen- 


ile cataracts.  Although  senile  (aging-related)  cata- 
racts also  often  run  in  families,  no  studies  have  been 
conducted  to  clarify  whether  these  have  a  genetic 
basis  or  are  due  to  environmental  factors  such  as 
nutrition  or  sunlight  exposure. 

Hereditary  cataracts  usually  are  transmitted  as  an 
autosomal  dominant  trait,  less  often  through  autoso- 
mal recessive  inheritance,  and  least  commonly  of  all 
as  X-linked  traits.  Many  types  have  been  described. 
Variations  occur  among  family  members  and 
change  in  appearance  with  time,  making  correla- 
tions of  the  mode  of  inheritance  with  clinical 
phenotype  difficult.  A  good  correlation  has  been 
achieved  in  the  X-linked  cataracts,  in  which  female 
carriers  show  microcornea  with  Y-sutural  opacities. 
The  latter  entity  is  not  well  known  to  ophthalmol- 
ogists, and  genetic  counseling  is  only  rarely  given. 
Hereditary  cataracts  occur  as  secondary  features  in 
other  inherited  ocular  diseases  such  as  retinal 
degenerations,  dislocation  of  the  lens,  and  anterior 
segment  malformations.  They  also  occur  in  various 
inherited  systemic  diseases  such  as  certain  skin 
diseases,  a  number  of  metabolic  disorders,  craniofa- 
cial dysostoses,  connective  tissue  and  skeletal  syn- 
dromes, renal  disease,  and  central  nervous  system 
diseases.  In  medical  reports,  the  natural  history  of 
genetic  cataracts  is  seldom  described.  The  structural 
or  enzymatic  defects  are  not  known  for  most 
genetic  cataract  types. 

Congenital  cataracts  represent  a  major  cause  of 
childhood  blindness;  prevalence  varies  from  14 
percent  in  a  large  British  survey '  to  nearly  40 
percent  in  an  Italian  survey. 2  However,  when 
considered  among  the  causes  of  blindness  for  all  age 
groups,  the  prevalence  of  congenital  cataracts  de- 
creases to  below  10  percent. 3 

Several  genetic  cataract  animal  models,  mainly  in 
mice,  recently  have  been  described. 4  These  models 
should  make  possible  detailed  genetic  and  molecular 
biological  studies  to  determine  the  basis  for  the 
cataractous  state.  Embryological  studies  of  these 
models  should  provide  an  improved  understanding 
of  the  developmental  aspects  of  normal  lens  growth 
and    thus    increase    knowledge    of   the    causes    of 
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congenital  cataracts  and  also  the  cellular  and  molec- 
ular genetic  aspects  of  the  normal  lens. 

Tissue  cultures  of  normal  and  cataractous  lens 
cells  from  the  mouse,  rat,  chicken,  frog,  and  rabbit 
have  contributed  greatly  to  studies  of  congenital 
cataract.  With  the  gradual  improvement  in  tech- 
niques for  culturing  animal  cells,  it  should  now  be 
possible  to  make  a  major  effort  to  culture  human 
lens  cells.  Once  developed,  this  system  would  be  an 
important  step  toward  better  understanding  of  ge- 
netic cataracts  in  humans. 


availability  of  a  large  body  of  genetic  information 
on  the  mouse  in  general,  enabling  construction  of 
linkage  maps  between  cataract  and  other  genetic 
loci.  Little  research  on  human  genetic  cataracts, 
other  than  the  description  of  cataracts  associated 
with  obvious  chromosome  abnormalities,  is  being 
conducted.  Clearly,  there  is  a  tremendous  lack  of 
research  funds  and  investigators  devoted  to  human 
genetic  cataract  research.  Few  of  the  subprogram 
objectives  are  being  adequately  addressed  at 
present. 


SUBPROGRAM 
OBJECTIVES 


RECENT 
ACCOMPLISHMENTS 


The  overall  objective  of  genetic  cataract  research  is 
to  determine  the  abnormalities  in  "genetic  informa- 
tion" that  are  expressed  as  cataracts  and  investigate 
how  such  genetic  errors  can  be  corrected.  More 
specific  objectives  of  research  in  this  subprogram 


are: 


To  analyze  cataracts  on  a  population  genetics 
basis. 

To  increase  understanding  of  the  mechanisms 
that  lead  to  abnormal  differentiation  of  the  lens, 
through  biochemical  and  ultrastructural  studies. 

To  determine  genetic  and  environmental  influ- 
ences on  the  production  of  cataracts. 

To  determine  the  relationship  of  genetic  cataract 
to  other  ocular  abnormalities  and  systemic  dis- 
eases. 

To  develop  a  reasonable  classification  of  cata- 
racts on  the  basis  of  genetic,  biochemical,  ultra- 
structural,  and  other  factors. 

To  develop  techniques  for  in  vitro  culture  of 
human  lens  epithelial  and  fiber  cells. 

To  develop  further  animal  models  of  genetic 
cataracts. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

In  FY  1981,  the  National  Eye  Institute  funded  five 
grants  at  a  total  cost  of  $461,000,  that  were  devoted 
to  genetic  and  congenital  cataract  research.  No 
other  organizations  support  such  studies.  High 
quality  research  is  being  conducted  on  genetic 
cataracts  using  at  least  four  separate  mouse  models. 
Dog  and  rat  models  also  are  being  developed.  A 
major   advantage   in    using   mouse   models   is   the 


Human  Studies 

A  large  number  of  genetic  syndromes  that  include 
cataracts  have  been  described,  and  more  are  added 
regularly  (Table  1).  In  only  a  few  of  these  disorders 
has  cataract  formation  been  studied  in  detail. 

Genetic  Linkage  Studies 

The  first  assignment  of  a  human  disease  locus  to  an 
autosome  was  made  in  1963. 5  This  study  concerned 
zonular  powder-like  cataracts  in  a  large  family,  a 
type  first  described  in  1906. 6 

In  1978,  the  assignment  of  this  type  of  cataract  to 
chromosome  No.  1  was  confirmed. 7  In  another 
study,  on  posterior  subcapsular  cataracts,  good 
evidence  was  discovered  for  linkage  with  haptoglo- 
bin, a  chromosome  16  marker. 8  Several  enzymes 
that  are  linked  to  cataract  formation  have  been 
assigned  to  human  chromosomes.  These  are:  galac- 
tosyl uridyl  transferase  (chromosome  9), 9' 10  galacto- 
kinase  (chromosome  17),  n  and  alpha-mannosidase 
(chromosome  19). 12  Thus,  one  can  hypothesize  that 
genes  at  those  various  loci  are  responsible  for  the 
genetic  information  necessary  for  lens  clarity. 

Animal  Models 

Spontaneously  occurring  hereditary  cataracts  and 
chemically  induced  cataracts  are  being  studied  in 
various  species  of  animals,  including  rats,  chickens, 
mice,  and  dogs.  These  studies  are  providing  valua- 
ble information  on  the  pathophysiology  of  lenticular 
abnormalities.  Laboratory  studies  encompass  ultra- 
structure  of  the  lens,  lens  metabolism,  lens  lipid 
evaluation,  cell  membrane  studies,  lens  enzyme 
assays,  protein  concentrations,  anionic  and  cationic 
abnormalities,  and  characterization  of  lens  epithelial 
cell  populations. 

Studies  of  hereditary  cataracts  in  animals  have 
previously  focused  on  the  mouse  (Table  2),  the  best 
studied  of  which  are  the  Nakano  13~  16  and  the  Philly 
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A.  Isolated  hereditary  cataracts-AD,  AR,  X-linked 
varieties. 

B.  Cataracts  as  part  of  a  syndrome  or  systemic  disease. 

1.  Chromosomal  disorders. 

a.  Patau  syndrome,  trisomy  13. 

b.  Edwards  syndrome,  trisomy  18. 

c.  Down  syndrome,  trisomy  21. 

2.  Metabolic  disorders. 

a.  Galactosemia. 

b.  Galactokinase  deficiency. 

c.  Lowe  oculocerebrorenal  syndrome 
(see  renal  disease). 

d.  Albright  pseudohypoparathyroidism. 

e.  Wilson  disease  (chalcosis  lentis). 

f.  Fabry  disease  (ceramide  trihexosidase 
deficiency). 

g.  Illannosidosis  (alpha-mannosidase  deficiency), 
h.  Refsum  disease  (storage  of  phytanic  acid). 

i.   Homocystinuria  (cystathionine  synthetase 
deficiency  and  other  varieties). 

3.  Skin  diseases. 

a.  Incontinentia  pigmenti. 

b.  Congenital  ectodermal  dysplasia. 

c.  Rothmund-Thomson  syndrome. 

d.  Werner  syndrome. 

4.  Mandibulofacial  syndromes. 

a.  Hallermann-Streiff  syndrome  (consistently 
involves  lens). 

b.  Pierre  Robin  syndrome  (rarely). 

c.  Rubinstein-Taybi  syndrome  (rarely). 

5.  Connective  tissue  and  skeletal  syndromes. 

a.  Conradi  syndrome  (recessive  and  dominant 
varieties). 

TABLE  1.  Congenital  and  Juvenile  Cataracts. 


b.  Marfan  syndrome. 

c.  All  syndromes  characterized  by  dislocated 
lenses. 

d.  Other  bone  dysplasias. 

6.  Renal  disease. 

a.  Lowe  oculocerebrorenal  syndrome. 

b.  Alport  syndrome. 

7.  Central  nervous  system  disease. 

a.  Marinesco-Sjbgren  syndrome-AR  and  so-called 
AD  variety. 

b.  Sjogren  syndrome. 

C.  Cataracts  associated  with  other  ocular  abnormalities. 

1 .  Persistent  hyperplastic  primary  vitreous 
(nongenetic). 

2.  Norrie  disease. 

3.  Aniridia. 

4.  Peters  anomaly. 

5.  Sclerocornea. 

6.  Microphthalmia. 

7.  Retinal  degenerations. 

D.  Postinflammatory  congenital  cataracts. 

1.  Rubella. 

2.  CMV. 

E.  Others. 

1.  Neonatal  hypocalcemia. 

2.  Hypoglycemia. 

3.  Retrolental  fibroplasia. 

4.  Retinoblastoma. 

5.  Uveitis. 


mouse17-19  strains.  In  the  Nakano  mouse,  cataracts 
first  appear  as  a  pinhead  opacity  approximately 
three  weeks  after  birth  and  eventually  involve  the 
entire  lens.  Biochemical  investigations  have  re- 
vealed that  this  is  an  osmotic  type  of  cataract  caused 
by  accumulation  of  sodium  ions. 14  Morphological 
findings  also  indicate  that  this  is  an  osmotic  cata- 
ract. 15  Swelling  at  the  distal  portion  of  the  lens 


fibers  in  the  deep  posterior  suture  area  can  be 
observed  very  early.  At  the  time  the  pinhead 
opacity  develops,  marked  changes  occur  in  the  area 
posterior  to  the  center  of  the  lens,  as  evidenced  by 
swollen  and  ruptured  fibers.  In  particular,  swelling 
of  the  posterior  ends  of  the  lens  fibers  has  been 
observed  by  scanning  electron  microscopy. 15  Fur- 
ther study  has  revealed  the  cause  of  the  swelling  to 


Name 


Genetic  Transmission 


Defect 


Nakano  cataract 
Philly  cataract 
Dominant  cataract 

Cataract-webbed 

TABLE  2.  Hereditary  Cataract  in  Mice. 


Autosomal  recessive 
Autosomal  recessive 
Autosomal  dominant 

Autosomal  recessive 


Na  +  -K+  ATPase  inhibitor 

Epithelium  cation  pump 

Lenticular  architecture 
disturbance  by  cellular 
abnormalities 

Abnormal  turnover  and 
control  of  plasma 
membrane  components 
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be  an  impairment  of  the  cation  pump  mechanism,  in 
which  the  rate  of  uptake  of  rubidium  ions  was 
decreased  while  that  of  sodium  ions  was  in- 
creased. 14 

An  inhibitor  of  sodium-potassium  adenosine  tri- 
phosphatase (Na-K  ATPase)  is  present  in  the 
Nakano  mouse  lens.  This  inhibitor  is  not  found  in 
the  normal  mouse  lens  and  is  not  associated  with 
any  of  the  major  crystallins.  It  is  resistant  to  high 
temperatures  and  acid  and  alkaline  pHs.  The  inhibi- 
tor appears  to  be  a  polypeptide,  because  its  activity 
is  destroyed  by  treatment  with  carboxy-peptidase  A 
and  leucine  amino  peptidase.  Other  properties  indi- 
cate that  this  substance  is  quite  different  from  others 
that  inhibit  Na-K  ATPase. 16 

The  anterior  cortical  fiber  cells  of  the  12-day-old 
Nakano  mouse  lens  were  found  to  have  an  extreme- 
ly large  number  of  gap  junctions,  the  appearance  of 
which  is  identical  to  those  of  the  normal  mouse 
lens. 20  Although  at  29  days  the  number  of  gap 
junctions  in  the  same  area  was  found  to  be  similar  to 
that  at  12  days,  the  size  of  each  junction  became 
smaller  with  cataract  formation.  The  junctions  were 
almost  absent  in  the  anterior  cortical  cells  in  7- 
month-old  Nakano  mice.  Biochemical  analysis  re- 
vealed less  of  the  26,000  MW  polypeptide,  which  is 
closely  associated  with  the  cell  membrane,  in  the  29- 
day  Nakano  mouse  lens  than  in  the  12-day  lenses.  In 
the  membrane  fractions  of  lenses  from  90-day 
Nakano  mice,  the  absence  of  a  major  26,000  MW 
polypeptide  component  correlated  with  the  de- 
crease in  gap  junction  structures.  The  decreases  in 
the  number  of  gap  junctions  and  in  the  amount  of 
membrane-associated  polypeptides  of  the  Nakano 
lens  may  be  linked  with  the  steps  leading  to  cataract 
development. 

The  Philly  mouse,  derived  from  the  Swiss  Web- 
ster strain,  also  develops  cataracts  shortly  after 
birth.  Initial  biochemical  findings  indicated  the 
presence  of  an  osmotic  cataract  in  these  mice. 17~19 
By  20  days  of  age,  there  was  an  increase  in  lens 
water  and  an  alteration  in  electrolyte  levels.  Lenti- 
cular sodium  rapidly  increased  while  potassium 
levels  decreased.  Concomitant  with  cataract  forma- 
tion was  an  increase  in  total  lenticular  calcium  and  a 
decrease  in  lens  dry  weight,  reduced  GSH  and 
ATP.  Through  rubidium  transport  and  leak-out 
studies,  the  viability  of  the  cation  pump  and  the 
permeability  characteristics  of  lens  membranes  can 
be  assessed.  The  accumulation  of  rubidium  in  the 
Philly  mice  decreased  with  age.  In  young  Philly 
mice  lenses  (aged  5  to  10  days),  leak-outs  of 
rubidium  were  found  to  be  slightly  higher  than  that 
seen  in  lenses  from  normal  mice  of  the  same  age.  By 
15  to  20  days  of  age,  a  significant  increase  in  leak- 
out  was  seen  at  2  to  4  hours,  whereas  at  25  to  30 
days  significantly  increased  rubidium  leak-out  was 
seen  at  all  times.  " 


Biochemically,  the  Philly  and  Nakano  mouse 
lenses  are  similar  in  that  both  develop  hereditary 
osmotic  cataracts.  With  cataract  formation,  lenses 
from  both  strains  have  characteristic  increases  in 
lens  water  content  accompanied  by  changes  in  the 
levels  of  electrolytes  and  decreases  in  GSH  and 
ATP.  However,  there  are  also  significant  differ- 
ences between  these  two  strains.  Dry  lens  weight, 
which  gives  an  indication  of  protein  content,  is 
uniformly  decreased  in  the  Philly  lens.  Further- 
more, the  Nakano  cataract  appears  to  result  from 
the  inhibition  of  the  Na-K  ATPase  by  an  intrinsic 
polypeptide  inhibitor.  In  the  Philly  mouse,  de- 
creased rubidium  uptake  appears  to  be  due  to 
increased  membrane  permeability  to  rubidium.  This 
suggests  that  the  key  biochemical  change  to  account 
for  osmotic  cataract  formation  is  a  defect  in  mem- 
brane permeability. 17 

Significant  differences  between  the  Philly  and 
Nakano  mouse  also  have  been  observed  in  cataract 
formation.  A  diffuse  opacity  in  the  Philly  mouse  is 
evident  5  to  6  weeks  after  birth  whereas  in  the 
Nakano  mouse  a  pinhead  nuclear  opacity  develops 
about  three  weeks  after  birth.  Moreover,  slit-lamp 
observation  reveals  that  the  Philly  mouse  cataract  is 
localized  in  the  anterior  portion  of  the  lens,  whereas 
that    of  the    Nakano    is   in    the    posterior    region. 

Another,  much  less  extensively  studied  hereditary 
cataract  is  called  the  "Dominant  Cataract,"  or 
Fraser  cataract. 21  This  cataract  develops  prenatally; 
thus  affected  animals  have  congenital  cataract.  By 
14  days  of  embryonic  life,  lens  fiber  nuclei  become 
pyknotic.  About  two  days  later,  the  fibers  become 
vacuolated,  and  then  the  entire  core  of  the  lens 
degenerates. 22  Secondary  lens  fiber  formation  at  the 
equator  continues  normally  postnatally,  but  as  the 
fibers  migrate  inward,  they  also  degenerate.  Anter- 
ior polar  cataracts  appear  later. 23  The  basis  of  these 
abnormalities  is  not  known. 

Opacities  have  been  described  in  the  lenses  of 
Peromyscus  maniculatus  (deer  mouse);  these  opac- 
ities are  inherited  as  an  autosomal  recessive  trait  and 
are  called  "cataract-webbed."2425  These  cataracts 
occur  in  syndactylous  deer  mice,  develop  rapidly, 
and  histologically  may  show  backward  migration  of 
disrupted  lens  bow  cells  before  the  lens  opacity  is 
apparent  biomicroscopically.  Posterior  subcapsular 
cataracts  then  develop  and  spread  centrally  and 
inferonasally  to  the  equatorial  area  and  then  to  the 
entire  equator.  The  nucleus  opacifies  in  either  a 
"shell"  pattern  or  as  isolated  dots.  Anterior  cortical 
opacification  progresses  to  mature  cataract.  Histo- 
logically, abnormal  migration  and  proliferation  of 
lens  epithelium,  and  enlargement  and  vacuolar 
degeneration  of  the  basal  (posterior)  processes  or 
cortical  lens  fibers,  are  early  changes  observed  in 
these  cataracts.  Histologic  evidence  suggests  that 
abnormalities  in  the  differentiation  of  the  equatorial 
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epithelial  cells  into  lens  fiber  cells  may  account  for 
the  subsequent  posterior  migration  of  cells,  but  the 
underlying  cause  of  this  abnormality  remains  to  be 
determined.  This  early  cellular  change  is  followed 
by  globular  and  vacuolar  degeneration  of  posterior 
cortical  lens  fibers. 

Many  other  mouse  and  rat  cataract  models  have 
been  studied  in  which  the  lens  defect  is  induced. 
These  include  virus-induced,  vacuolated  lenses  in 
the  mouse;  sugar  cataract,  induced  by  diets  high  in 
galactose,  in  mice  and  rats; 26  and  triparanol-induced 
cataract  in  rats. 

Hereditary  cataracts  are  becoming  more  common 
in  several  breeds  of  dogs  due  to  excessive  inbreed- 
ing. The  breed  prevalence  and  genetic  transmission 
of  cataract  in  some  types  of  dogs  is  shown  in  Table 
3.  Other  than  the  mode  of  genetic  transmission  and 
a  description  of  the  appearance  of  these  cataracts, 
little  is  known  about  the  biochemical  defects  under- 
lying them. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

More  research  is  needed  on  the  mode  of  inheritance, 
natural  history,  and  possible  chromosomal  linkages 
of  different  types  of  cataract.  Larger  and  better 
controlled  family  studies,  including  long-term  pho- 
tographic documentation,  must  be  carried  out  using 
data  generated  by  the  Cooperative  Cataract  Re- 
search Group. 

These  studies  require  ophthalmologists  with  ex- 
tensive training  in  genetics  at  the  postdoctoral  level. 
Possibly  a  clearinghouse  for  collection  of  informa- 
tion generated  in  several  hospitals  can  be  imple- 
mented. 

In  conjunction  with  this  project,  which  primarily 
involves  data  gathering,  detailed  light  and  electron 
microscopic  studies  are  needed  of  cataracts  obtained 
through  donor  recruitment  programs.  Longitudinal 
studies  of  families  must  follow,  which  will  help  in 


determining  whether  similar  structural  abnormalities 
exist  within  common  genetic  cataract  groups. 

Extensive  in  vitro  studies  of  both  normal  and 
cataractous  human  lens  cells  are  essential.  These 
should  be  aimed  at  culturing  human  lens  epithelial 
and  fiber  cells  for  long  periods  of  time.  Once  such 
techniques  are  developed,  detailed  biochemical  and 
molecular  genetic  studies  can  be  conducted  on 
cataractous  lenses. 

Needed  biochemical  studies  include  determining 
crystallin  ratios  in  normal  lenses  and  comparing 
them  with  those  in  cataractous  lenses,  assessing  gap 
junctions,  and  investigating  immunological  differ- 
ences between  normal  and  cataractous  lenses  (for 
example,  cell  membrane  antigens).  Needed  molecu- 
lar studies  include  cloning  of  lens  protein  genes  for 
investigating  the  transcription  and  translation  of  lens 
proteins.  Also,  such  probes  can  help  in  determining 
whether  chromosome  abnormalities  associated  with 
many  types  of  cataract  result  in  the  deletion  of 
genes  for  lens  function  or  whether  such  genes  are 
masked  or  mutated. 

The  development  of  animal  models  of  genetic 
cataract  should  have  high  priority.  Such  models  can 
provide  large  amounts  of  tissue  for  the  above- 
mentioned  biochemical  and  genetic  studies.  Such 
models  can  also  make  possible  studies  of  gene 
manipulation  aimed  at  "curing"  the  inherited  tend- 
ency for  cataract.  These  studies  should  involve 
investigators  with  veterinary  backgrounds,  as  well 
as  biologists,  biochemists,  and  geneticists. 

Training  of  molecular  geneticists,  biochemists, 
biologists,  and  epidemiologists  in  lens  function  is 
needed  to  further  research  into  the  causes  and 
prevention  of  genetic  cataract. 


RECOMMENDATIONS 

See  Recommendations  and  Resource  Requirements 
at  the  end  of  the  following  section  on  Dislocated 
Lenses. 


Breed 


Genetic  Transmission 


Cataract  Type 


Cocker  spaniel 

Miniature  schnauzer 

Old  English  sheepdog 

Beagle 

German  shepherd 

Standard  poodle 

Siberian  husky 

TABLE  3.  Hereditary  Cataract  in  Dogs. 


Recessive 

Autosomal  recessive 

Recessive 

Dominant 

Dominant 

Autosomal  recessive 

Recessive 


Posterior  axial  subcapsular 

Nuclear  and  cortical 

Cortical 

Posterior  axial  opacities 

Cortical 

Equatorial 

Posterior  subcapsular  axial 
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B.  DISLOCATED 
LENSES 

INTRODUCTION 


The  position  of  the  lens  in  the  eyeball  is  maintained 
by  its  attachment  to  the  zonules  and  the  ligament 
hyaloideocapsular. '  A  lens  may  become  completely 
dislocated  from  its  normal  position  in  the  posterior 
chamber  and  lodge  in  the  anterior  chamber  or  in  the 
vitreous  body.  If  there  is  incomplete  rupture  of  the 
zonules,  the  lens  may  be  subluxated  or  partially 
displaced  and  remain  in  the  posterior  chamber  but 
not  in  its  normal  position. 

Most  dislocations  of  the  lens  are  caused  by 
trauma.  However,  lens  dislocations  of  genetic  origin 
can  occur  either  as  isolated  ocular  disorders  or  in 
association  with  other  ocular  malformations  as  part 
of  a  systemic  disease.  To  date,  some  20  different 
genetic  entities  in  which  lens  dislocation  occurs 
have  been  identified  (Table).  Although  each  entity 
is    rare,    in    the    aggregate    they    are    significant. 

Few  ocular  problems  require  more  professional 
skill  and  experience  in  management  than  those 
involving  lens  dislocations.  Adequate  refractions  are 
difficult  to  achieve  in  such  cases,  and  unilateral  or  . 
bilateral  amblyopia  is  common.  Surgical  removal  of 
dislocated  lenses  in  which  early  cataracts  occur  may 
become  necessary,  and  treatment  of  secondary 
glaucoma  and  repair  of  retinal  detachment  all  need 
special  consideration.  An  ophthalmologist  may  see 
relatively  few  such  patients  in  his  or  her  lifetime, 
and  as  a  result,  the  surgical  results  are  frequently 
poor.  The  surgical  management  and  results  of  lens 
removal  depend  on  the  age  of  the  patient,  probable 
zonular  resilience,  vitreous  consistency,  degree  and 
location  of  luxation,  and  proneness  to  develop 
retinal  detachments.  The  probability  that  open- 
angle,  angle-closure,  pupillary-block,  and  inflamma- 
tory glaucoma  will  occur  differs  in  the  various 
disorders  associated  with  lens  dislocations. 

The  estimated  prevalence  of  lens  dislocations  in 
the  general  population  is  about  1:10,000  to  1:20,000; 
but  a  more  accurate  estimate  is  needed.  The  most 
frequent  genetic  cause  of  dislocated  lenses  is  the 
Marfan  syndrome,  the  estimated  prevalence  of 
which  is  5  or  6  per  100,000  population. 1  Sixty 
percent  of  Marfan  patients  have  subluxed  or  dislo- 
cated lenses.  Although,  it  is  estimated  that  10 
percent  of  these  patients  will  become  totally  blind, 
either  from  secondary  glaucoma  or  retinal  detach- 
ment, no  long-term  rdata  are  available  on  visual 
prognosis  in  this  condition. 


1.  Without  Systemic  Manifestation 

A.  Genetic: 

Simple  ectopia  lentis 

Congenital  (recessive  and  dominant  varieties 

reported) 

Delayed  onset  (recessive  and  dominant 

varieties  reported) 

Ectopia  lentis  et  pupillae  (recessive) 

Aniridia  (several  varieties) 

Megalocornea  (most  commonly  X-linked  — 
dislocation  of  the  lens  is  a  rare  complication) 

2.  With  Systemic  Manifestation 

Marfan  syndrome 

Homocystinuria 

Weill-Marchesani  syndrome 

Hyperlysinemia 

Sulfite  oxidase  deficiency 

B.  Nongenetic: 
Trauma 
Luetic 

Persistent  hyperplastic  primary  vitreous 

TABLE.  Differential  Diagnosis  of  Ectopia  Lentis. 


Research  on  lens  dislocation  is  related  to  many 
other  areas  of  biomedical  research  because  of  its 
frequent  association  with  ocular  and  systemic  genet- 
ic and  metabolic  diseases.  Studies  of  lens  dislocation 
can  include  investigations  of  metabolic  or  structural 
connective  tissue  defects,  delineation  of  the  clinical 
course  and  management  of  associated  ocular  prob- 
lems, and  investigation  of  ocular  aging.  This  last 
area  of  research  is  suggested  by  clinical  observations 
that  lenses  with  hypermature  cataracts  tend  to 
dislocate  and,  conversely,  that  eyes  with  dislocated 
lenses  tend  to  develop  early  cataracts.  The  results  of 
such  research  could  lead  to  better  understanding  of 
cardiovascular  complications  in  connective  tissue 
diseases,  aortic  and  mitral  valve  insufficiencies, 
aortic  aneurysms  seen  in  the  Marfan  syndrome,  and 
thromboembolic  events,  which  often  complicate 
homocystinuria. 


SUBPROGRAM 
OBJECTIVES 


To  improve  understanding  of  the  mechanisms 
that  lead  to  abnormalities  of  the  lens  zonule 
present  at  birth  or  occurring  later  in  life. 
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To  understand  better  the  biochemistry  and  ultra- 
structure  of  the  lens  zonule,  which  in  turn  may 
lead  to  understanding  of  the  Marfan  syndrome 
and  various  cardiovascular  diseases. 

To  develop  animal  models  for  these  conditions. 

To  develop  improved  methods  of  treating  the 
visual  complications  of  dislocated  lenses. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

Several  morphological  and  biochemical  studies  rele- 
vant to  dislocated  lenses  have  been  carried  out  over 
the  past  decade.2-15  It  is  doubtful  that  more  than 
one  of  the  laboratories  conducting  such  studies 
plans  a  significant  commitment  to  zonular  research 
in  the  near  future.  An  entirely  new  direction  for 
research  in  the  zonule  was  suggested  by  a  study 
showing  that  experimental  deprivation  myopia  pro- 
duced by  lid-suturing  induces  changes  in  zonular 
morphological  organization. 1G 
.  Only  one  research  project  involving  lens  disloca- 
tions, at  a  total  cost  of  $69,000,  was  funded  by  the 
National  Eye  Institute  in  FY  1981.  This  level  of 
support  is  disproportionately  small  in  comparison  to 
its  potential  benefits. 

Clinical  research  in  particular  has  been  fragmen- 
tary, consisting  mainly  of  patient  series  from  centers 
such  as  the  Wilmer  Ophthalmological  Institute  at 
Johns  Hopkins  Hospital.  Investigations  there  have 
centered  on  identifying  probable  causes  of  dislocat- 
ed lenses,  studying  their  genetic  bases,  describing 
the  clinical  features  of  patients,  identifying  the 
presence  of  other  ocular  complications  such  as 
retinal  detachments,  assessing  the  value  of  surgery, 
and  assessing  the  visual  prognosis  for  patients  with 
lens  dislocations. 17 


RECENT 
ACCOMPLISHMENTS 

The  ultrastructural  morphology  of  human  zonular 
fibers  and  their  lens-ciliary-body  insertion  areas 
have  been  extensively  described. 2-5'8'10'11  Applica- 
tion of  this  knowledge  to  the  study  of  pathologic 
lens  dislocation  has  begun,  encompassing  earlier 
studies  of  zonular  fragmentation  in  homocystin- 
uria I8  and  in  the  Marchesani  syndrome. 19  Investiga- 
tors are  handicapped,  however,  by  ignorance  of  the 
changes  induced  in  the  zonule,  lens,  and  ciliary 
body  by  simple  traumatic  dislocation.  One  study, 


utilizing  scanning  electron  microscopy,  showed  that 
zonular  fibrils  are  5  to  6  times  thicker  than  normal  in 
the  Marfan  syndrome.  However,  this  finding  has  not 
been  confirmed  with  transmission  electron  micros- 
copy by  others.  Both  normal  and  abnormally  thick 
fibrils  have  been  found  in  simple  ectopia  lentis,  72° 
suggesting  a  heterogeneity  in  expression  of  the 
disorder.  Larger  fibrils  may  indicate  a  thicker 
carbohydrate  coating,  or  some  of  them  actually  may 
be  vitreal  fibers. 

Considerable  progress  has  been  made  in  charac- 
terizing zonular  protein.  Amino  acid  analysis  of  the 
bovine  zonule  has  been  completed 9  and  confirmed, 
except  for  the  finding  by  one  laboratory  of  greater 
cystine  content  than  found  by  another  laboratory. 13 
Such  analysis  has  been  extended  to  man.  The 
finding  of  a  high  cystine  content  in  the  zonular 
protein  correlates  well  with  the  fact  that  all  enzyme 
defects  known  in  ectopia  lentis  involve  sulfur 
metabolism.  The  extreme  insolubility  of  the  zonule 
makes  peptide  analysis  difficult,  but  gel  electropho- 
resis of  reduced  zonule  shows  a  predominant  72- 
77K  band,  and  2  to  4  times  lower  molecular  weight 
peptides  on  further  reduction. 13  This  complex  of  72, 
57,  35,  24,  and  13K  bands  is  strikingly  similar  to  that 
described  for  tropoelastin, 21  which  may  include 
contaminating  elastic  microfibrillar  protein. 22  The 
peptides  in  microfibrillar  protein  are  not  well- 
characterized. 

A  similarity  of  zonular  fibrils  to  the  tubular 
microfibrils  of  elastic  tissue  was  first  noted  ultra- 
structurally, 2  and  it  is  probably  the  most  important 
clue  to  the  nature  of  the  zonule.  The  similarity  of 
amino  acid  profiles  for  the  two  types  of  fibrils  also 
has  been  pointed  out. 13  Strong  cross-reaction  has 
been  demonstrated  between  the  two  types  of  fibrils 
with  antibodies  made  either  to  the  zonule  or  to 
microfibrillar  protein.14-15  This  link  suggests  that 
what  is  learned  about  the  pathogenesis  of  lens 
dislocations  may  be  applicable  to  systemic  abnor- 
malities of  connective  tissue  and  vice  versa. 

Zonular  fibrils  were  found  to  be  less  aggregated 
("dysplastic")  and  possibly  more  profuse  in  lid- 
suture  myopia. 16  The  latter  finding  opened  the  door 
to  another  facet  of  zonular  and  lens  dislocation 
research:  the  frequent  association  of  small  lenses  and 
dislocation,  suggesting  possible  "feedback"  relation- 
ships among  the  zonule,  lens-globe  proportions,  and 
accommodation. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

The  most  exciting  opportunities  in  zonular  research 
are:  completion  of  the  biochemical  characterization 
of    the    zonular    protein    molecule    or    molecules, 
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including  amino  acid  sequencing  and  identification 
of  a  prozonular  molecule,  if  one  exists.  If,  indeed, 
the  zonular  protein  is  identical  to  elastic  microfibril- 
lar protein  (MFP),  this  research  should  have  wide 
applicability  to  connective  tissue  studies.  Elucida- 
tion of  the  composition  of  MFP-zonular  protein 
should  lead  to  progress  toward  understanding  the 
"structural  glycoproteins"  (SGP)  of  connective 
tissue.  Because  zonules  can  be  obtained  with  high 
purity  as  compared  with  MFP,  which  may  be 
contaminated  by  collagen,  actin,  and  other  glyco- 
proteins, zonular  protein  may  serve  as  a  prototype 
for  MFP. 

Biochemical  characterization  of  the  zonular  pro- 
tein should  greatly  increase  understanding  of  how 
genetic  disease  affects  the  zonule.  It  will  stimulate 
the  search  for  treatment,  and  possibly  lead  to 
unexpected  spinoff  benefits,  such  as  improved  zonu- 
lolysis  in  cataract  surgery.  This  challenge  can  be 
met  only  by  sophisticated  protein  chemistry  tech- 
niques. Ideally,  such  studies  would  be  conducted  by 
a  protein  chemist  working  at  a  laboratory  primarily 
interested  in  zonular  protein,  or  zonular  and  micro- 
fibrillar protein.  Because  such  a  laboratory  may  not 
exist,  an  alternative  would  be  to  add  a  biochemist  to 
a  laboratory  currently  involved  in  zonular  or  ocular 
connective  tissue  research.  Sequencing  or  other 
advanced  techniques  would  still  need  to  be  applied. 

The  in  vitro  study  of  dislocated  lenses,  removed 
surgically  or  at  autopsy,  should  be  productive.  High 
priority  should  be  given  to  the  development  of 
microtechniques  so  that  a  pair  of  human  eyes  can 
provide  sufficient  zonular  material  for  analysis;  at 
present,  10  eyes  must  be  pooled  for  adequate 
analysis.  Other  metabolic  defects  should  be  sought 
among  patients  with  lens  dislocation,  with  special 
attention  to  defects  involving  sulfur  metabolism. 
The  zonule  seems  capable  of  providing  the  key  to 
the  probable  molecular  defect  in  Marfan  syndrome 
and  other  inherited  syndromes  involving  lens  dislo- 
cation. 

The  carbohydrate  component  of  the  zonule  also 
needs  to  be  subjected  to  biochemical  analysis.  The 
use  of  microsuction-cutting  instruments  for  zonule 
harvesting  would  have  a  great  advantage  over 
today's  tedious  hand  dissection  and  would  encour- 
age more  studies  to  be  done. 

Definitive  study  of  zonular  secretion  will  prob- 
ably require  tissue  culture  of  ciliary  nonpigmented 
epithelial  cells  so  that  their  product  may  be  ana- 
lyzed. Antizonular  antibody  may  be  useful  for 
detecting  intracellular  molecules  during  the  zonular 
synthetic  period.  Manipulation  of  the  secretory 
product  would  be  of  great  interest. 

Lens  dislocation  occurs  in  many  larger  mammals 
and  could  be  studied  in  the  same  way  as  the  human 
condition.  Known  animal  models  include  the  glau- 
comatous beagle  and  the  buphthalmic  rabbit;  other 
models  should  be  sought.  The  induction  of  zonular 


dysgenesis  by  dietary  changes  that  affect  sulfur 
metabolism  should  be  attempted. 

Zonular  fibers  must  be  quantified  so  that  the  role 
of  the  zonule  in  determining  lens-globe  size  can  be 
evaluated.  It  seems  unlikely  that  McKanna's  mor- 
phological method  will  be  adequate  to  this  task,  and 
a  chemical  method,  probably  utilizing  3H-cystine, 
will  be  necessary. 

Finally,  a  clinical  center  should  be  established 
where  patients  with  dislocated  lenses  who  are 
geographically  scattered  and  cared  for  by  individual 
ophthalmologists  can  be  brought  together.  High 
volume  medical  centers  should  have  facilities  for 
genetic  investigations,  as  well  as  surgical  and  medi- 
cal care.  Ideally,  such  centers  could  coordinate  their 
studies  and  work  to  reduce  clinical  biases. 

It  would  be  desirable  for  young  investigators, 
particularly  protein  biochemists,  to  become  in- 
volved in  this  research,  so  that  some  stability  could 
be  achieved  in  this  research  field. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Nongenetic  Congenital  and 
Genetic  Cataracts  and  Dislocated  Lenses,"  the 
Panel  has  made  the  following  recommendations 
concerning  research  in  this  area  over  the  next  five 
years.  These  have  been  grouped  under  two  head- 
ings: Program  Base  and  Program  Development 
Priorities. 

The  Program  Base  includes  an  area  of  ongoing 
research  in  which  there  may  be  great  need  for 
additional  activity,  but  where,  in  the  Panel's  judg- 
ment, little  or  no  opportunity  (new  methods  or 
insights)  exists  at  present  to  justify  a  significant 
expansion  of  effort.  Nonetheless,  additional  applica- 
tions for  research  grants  in  these  areas  may  be 
funded  if  they  are  innovative  and  of  very  high 
quality  as  determined  by  the  NIH  peer  review 
system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 
years,  provided  that  high  quality  applications  for 
research   grants   in    these   areas   are   forthcoming. 

Program  Base 

■  Determine  the  role  of  the  zonule  in  lens-globe 
growth. 
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Program  Development  Priorities  RESOURCE 

■  Conduct  longitudinal  studies  of  genetic  cataract  K-Iiv^UlrvxiJVlrilN  1  O 

in  families,  including  light  and  electron  micros- 
copy of  cataractous  lenses.  After  reviewing  current  research  grant  support  in 

■  Culture  human  and  animal  epithelial  and  fiber  each  of  these  categories  and  assessing  the  need  and 

lens  cells  for  long  periods  of  time.  potential   for   future   development,   the   Panel   has 

_  ,,  .       .  ,  ...  estimated   the  number  of  projects  it  believes  are 

I  Prepare  molecular  genetic  probes  to  study  the  r    J  ,  __, 

,    •  ,      ,  •  .•        .        .  needed  to  carry  out  its  recommendations  in  FY 

lesions  involved  in  genetic  cataracts.  ,rto„  _,  •  ,  . 

1983.  These  estimates  are  shown  in  the  table  on  the 

■  Perfect  the  techniques  for  cell  culture  of  ciliary  following  page.  For  a  discussion  of  the  general  basis 
nonpigmented  epithelial  cells.  and  significance  of  these  projections,  see  the  "Sum- 

■  Conduct  animal  model  studies  of  lens  dislocation.  mary"  at  the  beginning  of  this  report. 

■  Characterize  the  zonular  fiber  biochemically  and 
immunologically. 
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RESOURCE  TABLE 

NONGENETIC  CONGENITAL  AND  GENETIC  CATARACTS 
AND  DISLOCATED  LENSES 

No.  of  Grants                     Panel  Recommendation  FY  83 
FY  1981 Add.  Grants Total  Grants 

Program  Base 

A.  Determine  the  role  of  the  zonule  in  lens-globe  growth.  1  0  1 

Program  Development  Priorities 

A.  Conduct  longitudinal  studies  of  genetic  cataracts  in  1 
families. 

B.  Culture  epithelial  and  fiber  cells  of  the  lens  for  long  1 
periods  of  time. 

C.  Prepare  molecular  genetic  probes  to  study  the  lesions  3 
involved  in  genetic  cataracts. 

D.  Perfect  the  techniques  of  cell  culture  of  ciliary  0 
nonpigmented  epithelial  cells. 

E.  Conduct  animal  model  studies  of  lens  dislocation.  0 

F.  Characterize  the  zonular  fiber  biochemically  and  0 
immunologically. 

Subtotal  Grants  6 

(<%  of  Program)  (6) 

Total  Estimated  Cost  $530,000 


1 

2 

1 

2 

0 

3 

1 

1 

1 

1 

1 

1 

5 

11 

(13) 

(8) 

58 ,000 

$1,188,000 
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CATARACT 
INDUCED  BY 
ENVIRONMEN- 
TAL AND  TOXIC 
EFFECTS 

INTRODUCTION 


UNDER  NORMAL  CONDITIONS,  the  human 
lens  is  exposed  to  a  vast  spectrum  of  radiant  energy, 
including  man-made  radiation  from  x-ray  appara- 
tuses, ultraviolet  lamps,  or  various  microwave 
sources.  Long-term  exposure  to  these  sources  may 
have  a  deleterious  effect  on  lens  transparency. 
Likewise,  drugs  applied  directly  to  the  eye  or  taken 
systemically  for  nonvisual  medical  problems  may 
reach  the  lens  and  have  adverse  effects  on  transpar- 
ency. 1_3 

Although  the  lens  continues  to  grow  throughout 
life,  its  cells  do  not  renew.  Ideally,  mature  lens 
fibers  should  remain  transparent  throughout  a  per- 
son's lifetime;  however,  continuous  insult  from 
radiation  or  drugs  may  interfere  with  the  lens' 
normal  repair  and  protective  mechanisms,  and 
hasten  the  formation  of  senile  cataract. 

Although  the  incidence  and  prevalence  of  human 
cataracts  caused  specifically  by  environmental  and 
toxic  effects  are  difficult  to  assess,  there  are  reasons 
to  believe  that  environmental  and  toxic  effects  are 
major  contributors  to  the  cataract  problem  world- 
wide. Thus,  the  study  of  environmental  and  toxic 
effects  on  the  lens  is  of  utmost  importance  for 
understanding  and  possibly  retarding  the  process  of 
senile  cataractogenesis. 


Radiation 

A  great  deal  is  known  about  the  effects  of  high 
doses  of  ionizing  radiation  on  ocular  tissues  and 
ionizing  radiation  cataractogenesis. 4  The  dose  levels 
that  may  lead  to  cataract  formation  in  man  are 
approximately  200  rads  for  x-rays  and  gamma  rays, 
and  approximately  75  rads  for  neutrons. 4  Although 
it  is  known  that  dose  splitting  increases  the  thresh- 
old for  cataractogenesis,  little  is  known  about  the 
long-term  effects  of  low  dose  x-radiation  on  the 
lens.  The  molecular  changes  by  which  ionizing 
radiation  leads  to  lens  opacity  are  still  not  known 
with  certainty. 

The  regions  of  the  electromagnetic  spectrum  are 
shown  in  the  Figure.  The  boundaries  between 
regions  are  approximations,  because  an  exact  divi- 
sion cannot  be  defined.  The  cornea  effectively 
absorbs  all  ultraviolet  radiation  shorter  than  300  nm; 
therefore,  only  "long"  wavelength  ultraviolet  light, 
that  is,  from  approximately  300  to  400  nm,  will  be 
considered  in  this  chapter. 

It  is  only  during  the  last  decade  that  researchers 
developed  an  intense  interest  in  the  role  of  environ- 
mental ultraviolet  light  in  the  formation  of  cataract. 
This  interest  evolved  from  the  finding  that  long 
wavelength  ultraviolet  light  can  lead  to  the  oxida- 
tion of  tryptophan5  and  that  the  products  of  this 
reaction  resemble  the  pigmented  and  fluorescent 
material  of  the  human  lens. 6  Several  population 
studies  have  supported  the  hypothesis  that  a  certain 
type  of  cataract  ("brunescent")  in  humans  may  be 
related  to  exposure  to  sunlight,7"9  and  as  a  result, 
the  possible  role  of  the  photosensitization  reaction  in 
the  lens  has  begun  to  be  explored. 4  Nevertheless, 
the  relation  between  near-ultraviolet  light  from 
sunlight  and  cataract  has  not  yet  been  proved;  nor  is 
it  clear  to  what  extent  near-ultraviolet  light  in  the 
environment  has  a  role  in  the  etiology  of  human 
cataracts. 

It  is  well  known  that  infrared  (IR)  radiation  at 
relatively  high  intensities  can  cause  cataract;  its 
damage  to  the  lens  can  be  attributed  solely  to 
thermal  effects. 4' 10  Solar  infrared  radiation  is  not 
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FIGURE.  The  electromagnetic  spectrum. 


generally  a  problem  for  ocular  tissue,  aside  from  the 
relatively  rare  occurrence  of  solar  retinopathy  and 
eclipse  blindness.  It  is  the  man-made  sources  of  IR 
radiation  that  hold  the  greatest  potential  for  ocular 
damage.  Because  of  the  dangers  from  IR  radiation 
in  industries  such  as  steel-making  and  glassblowing, 
heat-reflecting  eyeglasses  are  now  commonly  used 
in  the  work  place.  Great  care  must  be  taken  also  to 
protect  the  eye  from  damage  by  IR  lasers  and  lasers 
of  other  frequencies  with  appropriate  eyeglasses. 
Radiofrequency  radiation  is  the  region  of  the 
electromagnetic  spectrum  that  extends  in  frequency 
from  about  3  Kilohertz  to  300  Gigahertz  (GHz  = 
10 9  Hz).  This  includes  communication  bands  (radio 
and  television)  at  the  lower  frequencies  and  radar 
and  millimeter  wave  bands  (for  example,  radar, 
satellite  communications,  and  microwave  ovens)  at 
the  higher  frequencies.  Radiofrequency  and  micro- 
wave radiations  are  not  sufficiently  energetic  to 
cause  ionization  in  biological  tissues;  as  with  in- 
frared radiation,  their  damage  is  caused  chiefly  by 
the  heating  of  the  tissue.411-12  The  cumulative 
effects  of  relatively  low  level  microwave  radiation 
on  the  lens,  if  any,  are  not  known. 


Drugs  and  Chemicals 

Although  the  term  "cataract"  generally  applies  to 
changes  in  and  opacification  of  the  lens  substance 
itself,  deposits  of  foreign  material  or  drugs  in  the 
lens  can  result  in  local  opacities.  These  deposits, 
which  sometimes  interfere  with  vision,  do  not 
necessarily  lead  to  further  opacification  of  the  lens. 2 
But,  many  drugs  and  other  chemicals  do  induce 
cataracts  in  animals  and  in  humans.  In  recent  years, 
there  has  been  a  slow  but  steady  accumulation  of 
information  on  cataracts  associated  with  drug  use. 
Many  drugs  have  been  shown  to  have  cataractogen- 
ic  potential, 2-313  but,  while  the  list  of  chemicals  and 
drugs  that  may  cause  cataracts  has  lengthened,  very 
little  basic  research  has  been  performed  on  the 
relationship  between  drugs  and  human  cataracto- 
genesis.  Some  animal  research  has  been  conducted, 
but  it  has,  in  general,  been  incomplete  because  drug- 
related  events  in  laboratory  animals  often  are  not 
applicable  to  humans.2,3  In  most  of  the  pharmaco- 
logical studies  to  date,  the  molecular  mechanisms  by 
which  drugs  affect  lens  transparency  are  not  well 
understood. 
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SUBPROGRAM 
OBJECTIVES 


To  identify  and  assess  the  biochemical  and 
biophysical  changes  in  the  lens  as  a  result  of 
insults  from  environmental  radiation,  and  drugs 
and  other  chemicals. 

To  find  ways  to  protect  the  lens  from  such 
insults,  thus  avoiding,  or  at  least  postponing 
significantly  the  onset  and  development  of  cata- 
ract. 


OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

The  National  Eye  Institute  funded  1 1  projects 
involving  radiation  effects  and  toxicology  of  the 
lens  in  FY  1981  at  a  total  cost  of  $986,000.  A  few 
investigators  were  supported  by  the  Armed  Forces 
to  study  radiation  effects  of  lasers  and  microwave 
on  ocular  tissue.  Pharmaceutical  companies  conduct 
toxicological  studies  on  the  drugs  they  produce,  but 
studies  of  ocular  toxicology  often  are  inadequate 
(see  Volume  Two,  Part  One,  Report  of  the  Retinal  and 
Choroidal  Diseases  Panel,  Chapter  7,  "Toxic  and 
Environmental  Disorders"). 

Although  support  from  NIH  and  other  govern- 
ment agencies  helps  in  meeting  the  subprogram 
objectives  listed  above,  the  major  weakness  in  this 
subprogram  is  that  only  a  few  investigators  are 
interested  in  environmental  and  toxic  effects  on  the 
lens;  still  fewer  are  interested  in  the  pharmacology 
and  toxicology  of  the  human  lens. 


RECENT 
ACCOMPLISHMENTS 

X-Ray  Cataract 

Since  the  first  experimental  production  of  x-ray 
cataract  more  than  80  years  ago, 14  it  has  been 
recognized  that  the  lens  is  extremely  sensitive  to 
ionizing  radiation.  More  recently,  it  was  found  that 
the  metabolic  and  structural  changes  that  occur  in 
an  x-irradiated  lens  are  similar  to  those  that  result 
from  the  normal  aging  process. 15, 16  Studies  during 
the  past  five  years  have  provided  additional  evi- 
dence that  x-ray-induced  cataract  is  a  useful  model 
for  investigating  the  mechanism  of  human  senile 
cataract.  Researchers  in  the  Netherlands  and  the 


United  States17"19  have  found  that  x-ray  cataract  in 
rabbit(s)  contains  high  molecular  weight  (HMW) 
protein  aggregates  similar  to  those  found  in  human 
senile  cataract.  Although  the  aggregation  of  protein 
in  the  human  lens  is  not  well  understood,  it  is 
believed  to  contribute  to  the  loss  of  Jens  transparen- 
cy due  to  the  scattering  of  light  by  large  protein 
molecules. 

A  significant  finding  in  the  x-ray  studies  has  been 
that  a  high  degree  of  oxidation  of  protein  sulfhydryl 
groups  is  involved  in  the  formation  of  the  HMW 
proteins. 18  Reduction  of  the  protein  aggregates  with 
disulfide  bond-reducing  agents  resulted  in  partial 
deaggregation  of  the  protein  and  release  of  low 
molecular  weight  crystallins.  These  results  gained 
added  significance  with  the  important  discovery 
that  insoluble  proteins  isolated  from  human  senile 
cataracts  also  contained  a  high  concentration  of 
disulfide  bonds. 20 

X-ray-induced  cataract  offers  a  means  of  investi- 
gating the  biochemical  factors  that  may  trigger 
aggregation  of  lens  crystallins.  Study  of  various 
reducing  systems  in  the  irradiated  rabbit  lens  has 
shown  that  prior  to  the  formation  of  mature 
cataract,  significant  decreases  occur  in  the  activity 
of  the  hexose  monophosphate  shunt  and  the  levels 
of  glutathione  and  NADPH. 21  A  similar  decrease  of 
glutathione  occurs  in  the  aging  human  lens, 22  but 
the  significance  of  this  finding  or  the  effect  of  aging 
on  other  reducing  systems  in  the  human  lens  is  not 
known. 

The  experimental  x-ray  cataract  in  rabbit  was 
used  recently  in  an  investigation  of  the  relationship 
between  cataract  progression  and  changes  in  lens 
permeability. 23  The  results  point  to  a  leakage  of  low 
molecular  weight  proteins  out  of  the  lens  before  the 
cataract  is  detectable.  A  similar  loss  of  crystallins 
has  been  reported  from  human  senile  cataractous 
lenses. 24  Research  in  Finland  has  shown  that  ultra- 
structural  changes  in  lens  epithelial  cells  are  evident 
soon  after  x-ray  irradiation 25  and  that  the  hydration 
of  the  irradiated  lens  may  be  caused  primarily  by 
changes  in  the  passive  permeability  properties  of  the 
cell  membrane. 26 

X-ray  has  also  been  used  to  study  the  ability  of 
the  lens  to  repair  damage  to  deoxyribonucleic  acid 
(DNA). 27  A  decreased  ability  to  repair  DNA  may 
be  a  factor  contributing  to  opacification  in  the  aged 
lens. 2S  X-irradiation  of  rat  lens  interferes  with 
normal  differentiation  of  epithelial  cells  and  proper 
deposition  of  fibers. 29  In  addition,  studies  of  irradiat- 
ed frog  lenses  indicate  that  hypophysectomy,  which 
completely  halts  cell  division,  prevents  the  forma- 
tion of  x-ray  cataract. 30  To  understand  the  possible 
relation  of  these  findings  to  the  mechanism  of 
human  senile  cataract  will  require  further  study. 

In  the  past  few  years  there  has  been  increasing 
concern  over  the  potential  hazards  to  the  human 
lens  from  diagnostic  and  occupational  exposure  to 
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x-ray. 31,32  A  number  of  studies  have  been  conducted 
to  determine  the  actual  dose  to  the  lens  from  various 
types  of  diagnostic  x-rays.  It  has  been  found  that  in 
a  single  computerized  axial  tomography  (CAT)  scan 
of  the  skull,  the  dose  to  the  lens  may  be  as  high  as  9 
rads33,34  and  that  under  certain  conditions,  particu- 
larly when  CAT  scans  are  repeated,  they  may  be  a 
potential  cause  of  damage  to  the  lens. 35  Concern 
about  hazardous  exposure  to  the  lenses  of  patients 
undergoing  CAT  scans  has  led  to  the  design  of 
protective  glasses  with  lenses  of  high  lead  content, 
which  can  reduce  the  dose  to  the  lens  by  70 
percent. 35 

Little  is  known  about  the  long-term  effects  of  low 
doses  of  x-ray  to  the  lens,  but  some  reports  have 
been  published.  One  paper  describes  the  removal  of 
a  human  cataract  that  resulted  from  exposure  to 
repeated  subliminal  doses  of  x-rays  26  years  earli- 
er. 36  Also,  cataracts  have  been  produced  in  mice 
with  a  dose  as  low  as  15  rads.37  The  human  lens  is 
considered  to  be  significantly  more  radioresistant;  it 
is  believed  that  a  dose  of  200  rads  is  necessary  to 
produce  cataract. 38,39 

Recently,  the  Apollo  space  program  highlighted 
the  possible  ocular  dangers  of  another  form  of 
ionizing  radiation — cosmic  rays. 40  Heavy  ion  accel- 
erators can  now  produce  man-made  cosmic  rays  on 
earth.  The  unique  qualities  of  this  form  of  radiation 
promise  to  usher  in  a  new  age  of  radiotherapy,  and 
preliminary  tests  on  humans  are  nearing  comple- 
tion. 41  The  almost  certain  increased  therapeutic  use 
of  these  particle  beams  and  their  possible  commer- 
cial and  military  uses  may  be  associated  with  a 
future  increased  incidence  of  cataracts. 


Cataract  Induced  by  Ultraviolet  Light 

Recent  accomplishments  in  this  field  have  been 
summarized.4'42"44  Because  the  major  effect  of 
ultraviolet  light  on  the  lens  is  to  oxidize  tryptophan, 
the  photochemistry  of  this  amino  acid  in  a  free  form 
or  as  a  part  of  proteins  has  attracted  the  attention  of 
investigators  at  several  laboratories.  It  has  been 
reported  that  oxidation  products  of  tryptophan  are 
involved  in  enzyme  inactivation, 44  protein  cross- 
linking,  45  cell  developmental  and  growth  anoma- 
lies, 46  and  enhanced  pigment  productions. 447 

Visual  display  devices,  particularly  cathode  ray 
tube  displays,  have  been  used  in  military,  labora- 
tory, and  industrial  settings  for  many  years.  More 
recently,  video  display  terminals  have  become 
common  in  offices,  publishing  firms,  and  in  the 
home  as  part  of  computers,  word  processors,  and 
video  games.  This  has  led  to  inquiries  to  the 
National  Institute  for  Occupational  Safety  and 
Health  (NIOSH)  from  various  user  groups  concern- 
ing the  potential  hazards  from  the  electromagnetic 
radiation  associated  with  these  devices.  In  a  1977 
survey  by  NIOSH,  electromagnetic  radiation  was 


measured  for  several  models  and  types  of  video 
display  terminals.  The  values  obtained  for  x-ray, 
ultraviolet,  visible,  infrared,  and  radiofrequency 
radiation  were  considerably  below  current  thresh- 
old limit  values  or  standards.  In  this  study,  NIOSH 
investigators  found  no  health  hazards  from  any  form 
of  radiation  for  operators  using  such  devices. 48 
Phototherapy  is  becoming  increasingly  popular  in 
medicine,  for  example,  psoralen-UVA  therapy  for 
psoriasis, 39  but  this  technique  has  ocular  effects, 
particularly  in  the  lens.549-50  Psoralens  can  become 
photobound  to  lens  proteins  and  nucleic  acids  and 
thus  is  retained  within  the  lens  for  a  lifetime.  These 
photoproducts  also  can  act  as  new  photosensitiz- 
es. 51  At  present,  investigators  do  not  know  if 
photochemotherapy  with  psoralens  can  cause  cata- 
racts in  humans. 

Cataract  Induced  by  Infrared  Irradiation 

Recent  experiments  have  indicated  that  long-term, 
low  level,  in  vivo  exposure  from  a  continuous-wave 
laser  emitting  at  1,060  nm  can  produce  cataracts  in 
rabbit  lenses.52,53  These  studies  have  shown  that 
two  types  of  lesions  could  be  produced:  one  is  due 
to  heat  transfer  when  the  iris  pigment  epithelium 
absorbs  IR  radiation,  resulting  in  heating  of  the 
nearby  layers  of  the  lens;  the  second  opacity  is 
located  in  the  posterior  cortex  and  appears  to  be  due 
to  direct  absorption  of  IR  by  the  lens.  Because  the 
rise  in  temperature  in  these  experiments  was  less 
than  one  degree,  the  studies  have  raised  the  possibil- 
ity that  chronic  exposure  to  relatively  low  levels  of 
IR  radiation  may  sometimes  produce  opacities  that 
are  not  due  to  direct  thermal  effects. 

Microwave  and  Radiofrequency  Radiation 

The  effects  of  microwave  radiation  on  the  lens  were 
reviewed  recently.54,55  Heating  seems  to  play  a 
major  role  in  vivo,  since  a  minimum  (threshold) 
temperature  is  required  for  cataract  formation.55"58 
However,  one  study  has  concluded  that  the  increase 
in  intraocular  temperature  during  microwave  irra- 
diation is  not  the  sole  causative  factor  in  microwave 
cataractogenesis. 58  An  important  recent  advance 
has  been  the  assessment  of  primary  damage  to  the 
lens  after  exposure  to  microwaves  in  vitro  followed 
by  incubation  in  tissue  culture  medium  under 
conditions  that  normally  maintain  lens  clarity. 59 
Such  experiments  have  defined,  as  a  linear  function 
of  temperature  between  37  and  50  degrees  Celsius, 
the  amount  of  damage  (defined  as  maximum  and 
minimum  depth  of  globular  degeneration,  as  deter- 
mined by  scanning  electron  microscopy)  expected 
following  exposure  of  the  rat  lens  to  increasingly 
elevated  temperatures. 
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These  preliminary  experiments  using  a  tempera- 
ture-controlled system  to  study  microwave  cataract- 
ogenesis  in  vhro  appear  promising  and  may  permit 
the  following  questions  to  be  asked  in  a  more 
defined  system:  (1)  Can  heating  (elevated  tempera- 
ture) and  electromagnetic  field  effects  be  separated? 
(2)  Do  pulsed  (radar)  microwaves  cause  additional 
damage  when  compared  to  a  continuous  wave  at 
the  same  dose?  (3)  Does  a  reciprocal  relationship 
exist  between  time  and  dose  rate,  so  that  the  same 
overall  dose  delivered  over  varying  periods  of  time 
causes  the  same  amount  of  cataractous  damage?  (4) 
What  protective  mechanisms  operate  in  vivo  as 
compared  with  in  vitro? 

Recently,  experimental  studies  of  thermoacoustic 
expansion  in  vitro  have  identified  increased  ultra- 
structural  evidence  of  lens  damage  with  "opti- 
mized" pulse  radiation  as  compared  with  continuous 
radiation  of  the  same  average  power. 60  Also  demon- 
strated was  that  temperature  elevation  is  not  a 
necessary  condition  for  the  ultrastructural  appear- 
ance of  putative  cataract  precursors.  Increased 
temperature  does  appear  to  act  synergistically  with 
both  continuous  and  pulsed  radiofrequency  radi- 
ation to  increase  lens  damage. 

Lens  Toxicology 

The  recent  establishment  by  the  Food  and  Drug 
Administration  of  a  National  Registry  of  Drug- 
Induced  Ocular  Side  Effects  has  resulted  in  the 
reporting  of  valuable  information  that  should  be  of 
great  value  for  future  human  drug  studies.  A  major 
difficulty  in  studying  drug  effects  on  the  lens  in 
humans  (and  in  animals)  has  been  the  documentation 
and/or  reproducibility  of  a  cataract  grading  system. 
Also,  unless  the  lens  changes  are  specific  or  unusual 
and  are  not  normal  senile  changes,  large  numbers  of 
patients  are  required  for  obtaining  meaningful  data. 
An  important  recent  accomplishment  was  the  devel- 
opment of  a  reproducible  method  of  objectively 
monitoring  visible  lens  changes  using  the 
Scheimpflug  Principle.  61~63This  system  promises  to 
be  a  powerful  clinical  tool  for  measuring  the  effects 
of  drugs  on  the  lens,  possibly  even  before  they 
become  clinically  manifest  by  the  usual  slit-lamp 
examination.  It  was  reported  recently  that  such  a 
system  is  capable  of  monitoring  lens  fluorescence  (at 
specific  wavelengths)  in  a  patient  through  the  use  of 
ultraviolet  light. 64  In  addition,  a  new  method  for 
retroillumination  photography  of  cataractous  lenses 
has  been  developed.  65 

As  noted  earlier,  an  entirely  new  area  of  interest 
in  ocular  toxicology  relates  to  phototoxicity  and 
photosensitization  of  various  agents.  It  has  been 
shown  that  many  drugs  that  can  act  as  photosensi- 
tizers  will  accumulate  in  the  lens.  This  type  of  drug 
may  indeed  have  a  cataractogenic  potential. 4-49-50'66 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

X-Ray  Cataract 

Understanding  the  mechanism  of  x-ray-induced 
cataract  would  aid  in  determining  the  cause  of 
human  senile  cataract.  In  particular,  studies  are 
needed  to  determine  the  factors  that  initiate  the 
aggregation  of  lens  protein  in  x-ray-induced  cata- 
ract. Thus,  biochemical  and  biophysical  studies 
using  x-ray  as  a  model  for  producing  cataracts 
should  be  encouraged.  Furthermore,  because  x-ray 
irradiation  will  continue  to  be  a  major  diagnostic 
tool  in  medicine,  it  is  of  utmost  importance  to 
determine  the  long-term  effects  of  low  doses  of 
ionizing  radiation  on  the  lens.  The  problems  in 
assessing  risks  from  low  doses  of  ionizing  radiation 
in  general  are  enormous.  This  subject  was  reviewed 
recently  with  respect  to  estimating  cancer  risks 
from  low  levels  of  ionizing  radiation. 67  Obviously, 
humans  cannot  participate  in  studies  of  low  doses  of 
ionizing  radiation  on  the  lens  and  other  ocular 
tissues,  and  thus  animal  models  will  have  to  be  used. 
Because  a  large  segment  of  the  population  is 
regularly  subjected  to  diagnostic  ionizing  radiation, 
the  use  of  primates  for  this  important  research  is 
justified. 

Attempts  have  been  made  to  determine  the  early 
effects  of  x-irradiation  on  DNA  of  the  epithelial 
population  using  biochemical  techniques. 68  More 
studies  are  needed  to  determine  which  cells  are 
responsible  for  the  eventual  cataract.  A  reasonably 
large  number  of  cells  suffer  immediate  death  and 
apparently  play  little  role  in  the  changes  that 
follow. 69  It  is  necessary  to  employ  techniques  that 
can  be  used  to  identify  and  monitor  the  cells  that  are 
primarily  responsible  for  this  cataract.  Such  studies 
should  be  concerned  not  only  with  the  initial  lesion, 
but  with  the  manner  in  which  it  is  transduced  into 
the  reproducible  cytopathological  changes  leading 
to  the  cataractous  state.  In  that  regard,  use  of 
specific  radiosensitizers  will  enable  preferential  irra- 
diation of  selected  cells  and  determination  of  the 
fate  of  such  cells  during  cataractogenesis. 

Only  very  preliminary  studies  of  heavy  particle 
radiation  have  been  conducted  thus  far.  It  is  now 
known  that  such  particles  are  highly  cataractogen- 
ic. 70'71  The  minimum  dose  required  to  produce 
cataracts  must  be  determined  and  a  risk  analysis 
made  for  human  exposure.  Because  such  radiations 
have  a  strong  mass  component,  some  of  the  ob- 
served effects  may  be  analagous  to  traumatic  cata- 
ract. Thus,  research  on  heavy  particle-induced 
cataract  may  extend  understanding  not  only  of 
radiation-induced  lens  changes  but  also  traumatic 
cataracts. 
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Aside  from  the  research  needs  noted  above,  new 
methods  should  be  developed  to  protect  the  eyes  of 
patients  from  the  damaging  effects  of  diagnostic 
ionizing  radiation. 

Ultraviolet  Effects  on  the  Lens 

More  research  is  needed  on  the  role  of  radiant 
energy  in  human  cataract  formation.  Morphological 
studies  of  fresh  lenses  of  people  living  under 
extreme  conditions  of  high  and  low  sunlight  irradi- 
ances  might  be  beneficial.  Cataracts  should  be 
examined  for  anomalies  in  differentiated  fiber  cells, 
diminished  oxidation-reduction  enzyme  activities, 
altered  levels  of  tryptophan  photoproducts,  and 
protein  aggregation. 

An  effort  should  be  made  to  encourage  more 
scientific  interest  in  light  as  a  factor  in  eye  pathol- 
ogy, perhaps  through  a  series  of  symposia.  Training 
grants  for  eye  researchers  to  visit  highly  accom- 
plished photobiology  centers  to  learn  about  this 
field  also  might  be  helpful. 

An  important  area  to  be  explored  is  the  cataracto- 
genic  effects  of  photosensitizing  drugs,  because 
proof  is  still  lacking  that  photosensitization  can 
cause  cataract  in  humans.  The  development  of  a 
new  ultraviolet  slit-lamp  densitography  system64 
could  be  of  great  value  in  monitoring  lens  changes 
in  vivo. 

A  significant  consequence  of  cataract  surgery  is 
the  removal  of  the  yellow  filter  present  in  the 
human  lens  that  acts  as  a  barrier  to  the  passage  of 
potentially  harmful  radiant  energy  into  the  posterior 
segment  of  the  eye.  Animal  studies  have  suggested 
that  photochemical  damage  to  both  the  vitreous 
humor  and  retina  can  result  from  the  additional 
irradiance  of  short  wavelength  blue  and  long  wave- 
length ultraviolet  light. 62-72,73  A  search  for  human 
clinical  findings  to  support  the  hypothesis  is  under 
way;  retinopathy  and  maculopathy  are  the  suspect- 
ed complications.  The  use  of  drugs  that  are  photo- 
sensitizers  would  enhance  this  hazard,  as  would  the 
use  of  artificial  replacement  lenses  that  do  not 
absorb  short  wavelength  light,  but  rather  focus  it  on 
the  retina. 

Microwave  and  Radiofrequency  Radiation 

Necessary  additional  information  on  the  effects  of 
microwave  and  radiofrequency  radiation  on  the  lens 
could  be  obtained  by:  determining  the  detailed 
mechanism  by  which  cataracts  are  caused  by  heat, 
ionizing  and  nonionizing  radiation,  and  ultrasound; 
determining  the  mechanism  by  which  vitamin  E  and 
antioxidants  may  protect  against  cataractous 
damage  caused  by  heat  and  reversing  such  cata- 
racts; and  investigating  the  lens  and  aqueous  humor 
factors    that    protect    against    cataract    formation. 


Of  particular  current  interest  in  studies  of  the 
effects  of  radiofrequency  radiation  on  biological 
tissues  is  the  mechanism  of  thermoacoustic  expan- 
sion. This  mechanism  does  not  depend  upon  gross 
thermalization.  Rather,  it  depends  upon  a  rapid 
onset  of  brief  heating  (duration  in  the  order  of  10 ' 
to  10 2  microseconds  and  energy  density  80Jcm2), 
which  overcomes  ocular  mechanisms  for  thermal 
dissipation.  The  rapid  onset  of  brief  heating  depends 
upon  coupling  strong  electric  fields  into  dielectric 
media  by  pulse  modulation  in  a  manner  that  is 
matched  to  thermoelastic  properties  of  the  media. 
That  is,  the  rapid  onset,  but  brief  heating,  must 
induce  a  mechanical  pressure  wave  by  means  of  the 
thermal  coefficient  expansion.  The  mechanical  wave 
then  propagates  throughout  the  water-dominated 
dielectrics  of  the  ocular  media  with  relative 
independence  from  the  original  transduction  step. 
Thus,  high  frequencies  such  as  a  millimeter  wave- 
band may  be  expected  to  affect  primarily  the  rostral 
portion  of  the  anterior  chamber  and  the  cornea  by 
direct  thermalization,  but  they  also  may  affect  much 
deeper  structures  by  thermoelastic  expansion. 

Special  resources  are  needed  for  research  on 
microwave  radiation,  primarily  with  respect  to 
engineering  and  hardware  expertise.  There  also  is  a 
critical  need  for  adequate  epidemiology  and  person- 
al dosimetry.  The  latter  could  be  the  basis  of 
interagency  collaboration,  for  example,  between  the 
National  Institutes  of  Health  and  the  National 
Bureau  of  Standards.  Because  of  the  high  cost  of 
such  research,  it  may  be  preferable  to  award 
additional  funding  to  groups  presently  engaged  in 
this  area,  or  supplement  or  expand  programs  at  such 
centers. 

Training  also  is  especially  important  in  the  field  of 
microwave  radiation  research.  Because  no  tradition- 
al academic  discipline  can  meet  the  training  needs  in 
this  field,  those  wanting  to  do  such  research 
typically  take  a  period  of  postdoctoral  training  in  a 
laboratory  that  is  active  in  microwave  studies. 
However,  a  disadvantage  of  this  approach  is  that 
few,  if  any,  postdoctoral  programs  offer  the  interdis- 
ciplinary depth  and  breadth  of  expertise  needed  to 
contribute  effectively  to  this  research  area.  Thus,  in 
general,  there  is  a  critical  shortage  in  personnel  to 
do  radiofrequency   radiation   biomedical   research. 

Toxicology 

Many  drugs  with  a  similar  chemical  structure  may 
utilize  a  common  pathway  and  mechanism  in  their 
disruption  of  the  lens  structure.  Understanding  their 
biochemical  and  biophysical  action  is  vital  to  efforts 
to  protect  the  lens  from  toxic  insults  and  to  develop 
new,  more  effective,  and  less  harmful  drugs. 

Of  great  importance  is  the  study  of  the  biochemi- 
cal effects  and  the  molecular  events  within  the  lens 
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following  treatment  with  commonly  used  drugs, 
such  as  corticosteroids.  Extensive  clinical  evidence 
suggests  that  the  continued  use  of  corticosteroids 
may  lead  to  posterior  subcapsular  cataract.  Howev- 
er, the  experimental  evidence  for  corticosteroid- 
induced  cataract  is  still  equivocal. 7  Attempts  to 
produce  cataracts  in  experimental  animals  either 
have  failed  or  succeeded  only  under  unusual  cir- 
cumstances. In  addition,  corticosteroids  do  not 
produce  cataracts  in  all  patients  exposed  to  large 
doses  for  long  periods.  These  findings  raise  ques- 
tions, such  as:  Could  this  difference  be  genetically 
determined?  Are  there  genetic  markers  that  might 
indicate  a  predisposing  or  a  protective  factor? 
Carefully  designed  studies  of  families  with  a  history 
of  cataract  could  shed  light  on  this  important 
subject. 

A  recent  report  on  the  effect  of  steroids  on  lens 
transparency  has  suggested  that  these  compounds 
specifically  inhibit  the  Na+-K+-ATPase  of  the 
lens. 74  Specific  binding  sites  for  glucocorticoids 
have  been  identified  in  bovine  lens. 75,76  Such  stud- 
ies, which  are  clearly  beneficial  for  understanding 
the  mode  of  action  of  steroids  on  the  lens,  need  to 
be  continued.  Similar  modern  biochemical  and 
cytochemical  techniques  for  identifying  specific 
receptors  could  be  used  in  determining  the  toxicity 
of  other  drugs  that  are  used  on  the  eye. 

Research  on  the  transport  and  permeability  prop- 
erties of  the  lens  should  be  continued,  and  the 
effects  of  various  drugs  on  transport  and  permeabil- 
ity explored.  More  research  is  needed  on  the 
influence  of  drugs  and  other  chemicals  on  the 
synthesis  of  DNA,  RNA,  and  protein  in  the  lens 
epithelium. 

Dimethyl  sulfoxide  (DMSO)  is  a  drug  about 
which  there  has  been  significant  controversy  and 
publicity  over  the  past  two  decades.  Although  there 
are  a  host  of  animal  data  demonstrating  adverse 
nuclear  lens  changes  secondary  to  this  agent,  77~84  to 
date  no  valid  detailed  study  has  been  made  that 
shows    whether    DMSO    causes    lens    toxicity    in 

man    85,86 

Because  studies  of  drugs  in  humans  always  will  be 
difficult  and  limited,  high  priority  should  be  given 
to  the  development  of  appropriate  lens  cell  and 
organ  cultures.  Several  attempts  have  been  made  to 
use  embryonic  chick  lenses  for  screening  potentially 
toxic  chemicals;87,88  however,  these  efforts  did  not 
spark  the  interest  of  researchers  in  the  field.  Thus, 
there  is  a  great  need  to  find  an  acceptable  animal 


model  whose  lens  may  be  similar  to  that  of  humans 
in  its  susceptibility  to  various  drugs. 


RECOMMENDATIONS 

Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Cataract  Induced  by  Environ- 
mental and  Toxic  Effects,"  the  Panel  has  made  the 
following  recommendations  concerning  research  in 
this  subprogram  over  the  next  five  years.  These  all 
relate  to  the  Program  Base  which  includes  areas  of 
ongoing  research  in  which  the  current  level  of 
activity  is  considered  adequate,  or  areas  of  ongoing 
research  in  which  there  may  be  great  need  for 
additional  activity,  but  where  the  Panel  judges  little 
or  no  opportunity  (new  methods  or  insights)  exists 
at  present  to  justify  significant  expansion  of  effort. 
Nonetheless,  additional  research  grants  in  these 
areas  may  still  be  funded  if  they  are  innovative  and 
of  extremely  high  quality  as  determined  by  the  NIH 
peer  review  system. 

Program  Base 

■  Elucidate  the  mode  of  action  of  potentially 
cataractogenic  drugs  (for  example,  steroids). 

■  Develop  lens  organ  culture,  tissue  culture,  and 
animal  model  systems  suitable  for  studying  radi- 
ation and  toxic  effects  in  the  lens. 

■  Study  the  potentially  cataractogenic  effects  of 
low  doses  of  ionizing  radiation,  microwave  radi- 
ation, and  environmental  ultraviolet  radiation  on 
the  lens. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 
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RESOURCE  TABLE 

CATARACT  INDUCED  BY  ENVIRONMENTAL  AND  TOXIC  EFFECTS 


Program  Base 

A.  Elucidate  the  mode  of  action  of  potentially 
cataractogenic  drugs. 

B.  Develop  culture  and  animal  model  systems  suitable  for 
studying  radiation  and  toxic  effects  in  the  lens. 

C.  Study  the  potentially  cataractogenic  effects  of 
radiation:  ionizing,  microwave,  ultraviolet. 

Subtotal  Grants 
(°7o  of  Program) 

Total  Estimated  Cost 


No.  of  Grants 

Panel  Kecomm 

endation  t\  S3 

FY  1981 

Add. -Grants 

Total  Grants 

2 

0 

2 

5 

-1 

4 

4 

1 

5 

11 

0 

11 

(11) 

(0) 

(8) 

$986,000 

$202,000 

$1,188,000 
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TREATMENT  OF 
CATARACT  AND 
CORRECTION  OF 
APHAKIA 

INTRODUCTION 

Treatment  of  Cataract 

AT  PRESENT,  there  is  no  proven  medical  treat- 
ment that  will  prevent  or  cure  most  forms  of 
cataract,  the  third  leading  cause  of  blindness  in  the 
United  States. '  The  only  effective  treatment  is 
surgery — employed  when  a  cataract  becomes  visu- 
ally disabling — in  which  the  clouded  lens  is  re- 
moved from  the  eye  through  an  incision  in  the 
cornea  or  sclera.  The  lens  is  either  completely 
removed  (intracapsular  extraction)  with  forceps  or  a 
freezing  probe,  or  else  the  lens  substance  is  extract- 
ed, leaving  the  posterior  capsule  in  the  eye  (extra- 
capsular extraction).2-3  Sutures  close  the  external 
surgical  incision. 

Cataract  extractions  annually  account  for  one-half 
of  the  hospitalizations  for  visual  disorders  in  the 
United  States.  Statistics  indicate  that  about  400,000 
lens  operations  were  performed  in  1978,  the  great 
majority  being  cataract  extractions.4,5  The  average 
cost  for  cataract  surgery  and  visual  rehabilitation  in 
the  United  States  is  estimated  to  be  $2,500  per 
patient.  Thus,  the  total  cost  of  cataract  surgery  in 
this  country  exceeds  $1  billion  per  year. 4 

Thanks  to  the  greatly  improved  surgical  tech- 
niques of  the  past  20  years,  cataract  extraction  has 
become  one  of  the  most  successful  operations 
performed  in  this  country.  About  85  percent  of 
cataract   extractions   result   in   optically   corrected 


vision  of  better  than  20/40. 2- 6  Yet,  significant 
complications  may  occur,  including  damage  to  the 
corneal  endothelium  with  resultant  corneal  decom- 
pensation and  clouding  and  cystoid  macular  edema 
of  the  retina  resulting  in  decreased  central  vision. 

Non-Surgical  Treatment 

Over  the  centuries  innumerable  claims  have  been 
made  that  various  drugs  and  chemicals  have  a 
therapeutic  effect  on  human  cataract,  yet  no  well- 
controlled  clinical  trials  of  such  agents  have  ever 
been  reported.  The  only  medical  therapy  currently 
available  for  the  treatment  or  prevention  of  cata- 
racts is  that  for  galactosemic  cataracts.  There  are  no 
data  to  prove  that  any  medical  treatment  for  senile 
cataract  is  effective.  Nevertheless,  multiple  medical 
remedies,  poorly  studied,  have  been  marketed  to 
satisfy  public  demand.  Sir  Stewart  Duke-Elder 
wrote: 

Cataract  represents  a  therapeutic  problem  with  all 
the  characteristics  necessary  to  stimulate  the  exploi- 
tation of  more  or  less  illegitimate  "cures.".  .  .  The 
history  of  therapeutics  of  cataract  presents  a  unique 
display  of  what  can  most  charitably  be  called 
extreme  credulity  in  unsupported  theories  or  wishful 
interpretation  of  clinical  results. 7 

This  is  particularly  true  outside  the  United  States 
where  so-called  "anti-cataract"  drugs  are  in  wide- 
spread use,  despite  the  absence  of  scientific  evidence 
of  their  efficacy.  Although  most  of  these  drugs 
cannot  be  legally  marketed  in  the  United  States, 
they  probably  are  being  used  by  many  Americans. 
Many  ophthalmologists  outside  the  United  States 
who  do  not  believe  in  the  efficacy  of  these  drugs 
may  prescribe  them  for  the  "psychological  value" 
of  comforting  the  patient.  Their  premise  may  be 
that  these  drugs  cannot  help,  but  at  least  they 
cannot  hurt.  However,  this  premise  is  unsubstantiat- 
ed: there  is  no  evidence  to  prove  that  prolonged  use 
of  some  of  these  drugs  is  not  harmful  to  the  lens  or 
other  ocular  tissue  or  that  offering  false  hope  to 
patients  is  preferable  to  counseling  them  in  a 
straightforward    manner    about    cataract    surgery. 
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Assessing  the  effect  of  a  promising  drug  on 
cataract  progression  in  man  is  one  of  the  most 
difficult  challenges  in  ophthalmology.  This  is  due  to 
the  extremely  slow  progression  of  most  cataracts; 
the  lack  of  a  sensitive,  objective,  and  reproducible 
method  of  measuring  cataract  density;  and  the 
requirement  for  extensive  commitment  of  personnel 
and  other  resources  to  implement  such  long-term 
studies. 

Yet,  the  search  for  such  agents  continues.  Years 
of  careful  and  well-documented  basic  cataract  re- 
search have  led  to  the  identification  of  aldose 
reductase  inhibitors  as  potential  agents  for  prevent- 
ing certain  sugar  cataracts8,9  (see  Chapter  3,  "Dia- 
betic and  Metabolic  Cataract ").  A  recent  claim  that 
aspirin,  which  lowers  plasma  tryptophan, 10,  n  delays 
senile  cataract  formation  remains  to  be  substantiated 
and  must  be  considered  unproved  at  present.12,13 

Lack  of  medical  therapy  for  the  most  common 
types  of  cataract  emphasizes  the  need  for  more 
information  concerning  the  physiologic,  metabolic, 
biochemical,  and  physical  changes  that  lead  to 
cataract  formation.  Until  these  pathways  are  deter- 
mined in  the  laboratory,  and  the  appropriate  meth- 
odology is  developed  for  evaluating  promising 
agents  in  animal  models  and  in  man,  it  will  be 
difficult  to  develop  non-surgical  means  of  preven- 
tion or  treatment. 

Correction  of  Aphakia 

Aphakic  vision  (vision  after  the  lens  has  been 
removed)  itself  may  be  a  significant  visual  handi- 
cap. 14, 15  Aphakic  spectacles,  contact  lenses,  intraoc- 
ular lenses  implanted  at  the  time  of  cataract  surgery 
or  afterward,  or  surgical  alteration  of  the  cornea 
(refractive  corneal  surgery)  are  the  alternative 
methods  used  to  correct  vision  after  cataract  sur- 
gery; each  offers  certain  advantages  and  disadvan- 
tages (Table). 

Eyeglasses.  For  example,  although  after  cataract 
extraction  central  vision  with  glasses  may  be  20/20, 
significant  distortions  remain,  including  image  size 
changes,  lens  aberrations,  blind  spots  in  the  visual 
field,  and  visual  field  restrictions. I4  Furthermore, 
there  is  a  20  to  25  percent  difference  in  image  size 
between  the  aphakic  and  normal  eye. 16 

Contact  Lenses.  Many  of  these  problems  are 
overcome  by  the  use  of  contact  lenses,  which  result 
in  a  5  to  10  percent  image  size  difference  between 
the  aphakic  and  normal  eye.  Despite  significant 
advances  in  contact  lens  materials  and  design,  some 
people  are  still  unable  or  unwilling  to  use  contact 
lenses  for  visual  correction  after  cataract  extraction. 


These   patients  are   functionally  blind   in  that   eye 
despite  a  "successful"  operation. 

Intraocular  Lenses.  Since  the  late  1960s,  intraocu- 
lar lenses  (IOLs)  have  been  used  in  the  United 
States  with  increasing  frequency  as  an  alternative  to 
glasses  and  contact  lenses  in  restoring  useful  vision 
following  cataract  extraction  (Figure  1).  More  than 
one  million  intraocular  lenses  have  been  implanted 
since  the  FDA  began  its  most  extensive  investiga- 
tion of  a  medical  device  about  five  years  ago. 17 
(Figures  2  and  3)  The  IOL,  usually  made  of 
polymethylmethacrylate  plastic,  is  implanted  perma- 
nently in  the  eye,  most  often  during  cataract  surgery 
following  removal  of  the  natural  cataractous  lens. 


Percent  of  Total 

1973 

1983 
(projection) 

Spectacles 

80 

20 

Hard  and  soft  contact  lenses 

15 

10 

Extended-wear  contact  lenses 

0 

25 

Disposable  contact  lenses 

0 

5 

Intraocular  lens  implants 

5 

40 

Total 

100 

100 

TABLE.  Correction  of  Aphakia.* 

•The  Intraocular  Lens  Industry,  Sanford  C.  Bernstein  and 
Company,  Inc.,  717  Fifth  Avenue,  New  York,  New  York 
10022. 


The  first  intraocular  lens  was  implanted  in  Eng- 
land in  1949,  and  since  then  these  devices  have 
undergone  continuous  evolution  in  design,  weight, 
and  manufacturing  processes,  and  the  surgical  tech- 
niques for  inserting  them  have  been  considerably 
refined.  They  are  being  used  increasingly  in  this 
country  as  an  alternative  to  eyeglasses  or  contact 
lenses  for  the  correction  of  aphakia. 18"21  Intraocular 
lenses  consist  of  a  central  optical  portion  for  the 
passage  of  light  and  a  peripheral  or  haptic  portion  to 
allow  lens  attachment  within  the  anterior  or  posteri- 
or chamber.  Because  they  replace  the  extracted 
natural  lens  at  practically  the  same  location,  they 
have  distinct  optical  advantages. 18,22,23  Data  from  a 
core  group  of  4,170  patients  studied  extensively 
after  implantation  suggest  that  the  switch  from  iris 
fixation  lenses  to  posterior  and  anterior  chamber 
intraocular  lenses  has  contributed  to  improved 
safety  of  the  devices. 17 

However,  certain  complications  may  occur  more 
frequently  in  patients  who  have  received  implants. 
The  incidence  of  severe  corneal  decompensation, 
leading   to   significantly   reduced   visual   acuity,   is 
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reportedly  greater  following  lens  implantation;  such 
cases  may  require  subsequent  corneal  transplanta- 
tion. This  condition  is  not  distinguishable  from  that 
which  may  follow  cataract  extraction  alone,  and  its 
occurrence  has  been  reduced  considerably  in  recent 
years  by  refinements  in  surgical  techniques  and 
improvements  in  intraocular  lens  design.  Although 
approximately  70  percent  of  the  estimated  618,000 
cataract  operations  performed  in  short-stay  non- 
Federal  hospitals  in  the  United  States  in  1982 
involved  implantation  of  IOLs, 24  much  more  needs 
to  be  learned  about  the  long-term  safety  and 
efficacy  of  these  devices. 

Aphakia  in  Children.  Correction  of  aphakia  is 
particularly  difficult  in  young  patients.  Although 
recently  introduced  techniques  for  the  removal  of 
cataracts,  such  as  phacoemulsification, 25  irrigation- 
aspiration,  and  other  microsurgical  methods,  have 
resulted  in  technical  improvements  in  surgery  for 
infants,  children,  and  young  adults,  thousands  of 
such  patients  remain  blind  following  surgery  be- 
cause no  wholly  satisfactory  method  is  available  to 
correct  their  aphakia. 

The  absence  of  the  lens  in  infants  and  children 
presents  the  special  problem  of  the  development  of 
amblyopia  ("lazy  eye").  This  is  because  there  is  a 
critical  period  in  the  development  of  the  eyes  of 
children  during  which  unimpeded  natural  image 
formation  is  necessary  for  the  proper  maturation  of 
the  visual  neural  system.  Also,  because  sensory 
input  for  general  psychomotor  development  is 
largely  visual,  many  children  with  congenital  cata- 
ract have  generally  retarded  psychomotor  growth. 
In  such  children,  it  is  important  to  remove  the 
cataract  (or  other  impediment  to  fine  image  forma- 
tion) if  full  visual  and  general  growth  potential  is  to 
be  achieved.  This  should  be  performed  at  a  time 
consistent  with  the  safety  of  the  child. 

Upon  removal  of  the  cataract,  prompt  steps 
should  be  taken  to  correct  vision.  Contact  lenses 
have  made  possible  the  immediate  visual  correction 
of  the  newborn  child,  and  such  lenses  can  be 
handled  and  sterilized  by  the  child's  parents.  Still, 
poor  understanding  of  infant  eye  development  im- 
pedes helping  aphakic  children  achieve  full  recov- 
ery or  optimal  use  of  residual  function.  Thus,  if  a 
young  child  suffers  an  injury  to  one  eye  and  the 
cataractous  lens  must  be  removed,  vision  may  be 
restored  promptly  with  a  suitable  contact  lens  if 
there  is  no  additional  damage  to  the  retina  or  optic 
nerve.  However,  a  majority  of  these  patients  subse- 
quently develop  exotropia  because  they  cannot  fuse 
images  from  the  two  eyes  as  a  result  of  differences 
in  retinal  image  size  between  the  aphakic  and  the 
normal  eye. 

Surgeons  are  therefore  faced  with  the  problem  of 
selecting  the  best  way  of  helping  the  aphakic  eye 


develop  visually  along  with  the  normal  eye  or  at 
least  optimizing  its  performance  characteristics.  A 
child  with  bilateral  aphakia  must  be  helped  to  catch 
up  visually  with  the  child  who  has  not  been  subject 
to  sensory  deprivation  amblyopia  ("lazy  eye"). 
Because  the  adequate  correction  of  cataract  in 
infants  and  young  children  is  essential  for  avoiding 
amblyopia,  the  concerns  of  the  Cataract  Panel  in 
this  area  overlap  those  of  the  Strabismus,  Ambly- 
opia, and  Visual  Processing  Panel,  (see  Volume  Two, 
Part  Five). 

Refractive  Corneal  Surgery.  Recently,  surgical 
manipulation  of  the  cornea  to  alter  refractive  power 
has  been  used  for  some  aphakic  patients.  This 
technique  promises  to  become  an  important  alterna- 
tive in  the  correction  of  aphakia,  but  further 
laboratory  and  clinical  studies  are  needed  to  gain 
more  information  about  specific  indications  for  its 
use  and  its  long-term  safety  and  efficacy.  In  this 
area,  as  well  as  in  contact  lenses,  there  is  a 
considerable  commonality  of  interests  between  the 
Cataract  Panel  and  the  Corneal  Diseases  Panel. 
Such  overlap  exists  in  research  on  the  toxic  effects 
of  intraocular  lens  implants  and  contact  lens  materi- 
als. The  reader  is  therefore  referred  to  Volume  Two, 
Part    Two,    Report   of  the    Corneal  Diseases   Panel. 

The  Future.  The  table  presents  one  view  of  an 
expected  10-year  trend  in  aphakic  correction.  The 
1983  projections  suggest  that  extended-wear  contact 
lenses  and  intraocular  lenses  may  be  the  major 
modes  of  visual  restoration  following  cataract  ex- 
traction in  the  future.  Although  refractive  corneal 
surgery  may  also  come  into  more  frequent  use,  it  is 
not  possible  at  present  to  predict  to  what  degree. 


Presbyopia 

Accommodation  is  the  neurophysiologic  process  by 
which  the  eye  automatically  refocuses  the  lens  by 
means  of  contraction  or  relaxation  of  the  ciliary 
body  when  visual  attention  changes  from  distant  to 
near  objects  or  vice  versa.  It  is  greatest  in  the  infant 
and  child  and  decreases  progressively  with  aging. 
After  age  45,  the  accommodative  power  of  the  lens 
usually  has  decreased  to  the  point  that  images 
cannot  be  focused  on  the  retina  if  an  object  is  held 
at  distances  less  than  10  inches  from  the  eye. 
Reading  glasses  or  bifocal  lenses  are  therefore 
needed.  This  partial  loss  of  accommodative  power  is 
known  as  presbyopia,  and  almost  everyone  over  age 
45  is  affected. 26  After  cataract  removal,  there  is 
necessarily  a  total  loss  of  accommodation,  causing 
another  major  optical  problem  regardless  of  the 
method  of  aphakic  correction  used. 
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SUBPROGRAM 
OBJECTIVES 


To  evaluate  current  techniques  for  cataract  ex- 
traction and  correction  of  aphakia  and  develop 
new  approaches  to  these  problems. 

To  develop  medical  therapies  and  means  of 
prevention  for  cataract. 

To  determine  the  influence  of  aphakia  on  visual 
development  in  infants  and  children  and  develop 
therapies  to  overcome  this  problem. 

To  find  better  ways  of  treating  and  means  of 
preventing  presbyopia. 

To  establish  standards  and  guidelines  for  toxico- 
logical  studies  of  intraocular  lens  materials. 


FIGURE  1.  Appearance  of  posterior  chamber  intraocular  lens  in  place 
within  eye.  This  lens  represents  the  most  frequently  implanted  intraocular 
lens  in  the  United  States.  (Figure  courtesy  of  Walter  J.  Stark,  M.D.) 
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FIGURE  2.  Number  of  intraocular  lenses  (in  thousands)  plotted  for  each 
six-month  period  since  FDA  study  began  in  February  1978.  (Reprinted 
from  Stark  WJ,  Worthen  D,  Holladay  JT,  et  al.  Ophthalmology  90(4):311- 
317,  1983.) 
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OVERVIEW  OF  CURRENT 
RESEARCH  SUPPORT 

The  multifaceted  nature  of  research  in  the  treatment 
of  cataract  has  required  cooperation  among  govern- 
ment, private,  and  university  research  organizations. 
Studies  are  under  way,  funded  by  the  National  Eye 
Institute  and  other  agencies,  to  compare  intracapsu- 
lar and  extracapsular  cataract  extraction.  For  exam- 
ple, a  randomized  controlled  clinical  trial  is  being 
sponsored  by  the  National  Eye  Institute  to  compare 
the  safety  and  efficacy  of  intraocular  lenses  in 
intracapsular  and  extracapsular  extraction.  Another 
single-center  natural  history  study  of  extracapsular 
cataract  extraction  with  IOLs  is  also  under  way. 
Researchers  at  several  ophthalmic  centers  are  study- 
ing the  short-  and  long-term  complication  rates  of 
intracapsular  cataract  extraction  with  or  without  an 
intraocular  lens  implant.  Complications  such  as 
cystoid  macular  edema,  corneal  decompensation, 
and  retinal  detachment  are  being  monitored.  There 
is  a  suggestion  that  cystoid  macular  edema  is  less 
frequent  following  extracapsular  cataract  extraction. 
Several  government  agencies  have  been  involved 
in  the  development  and  monitoring  of  intraocular 
lenses  and  extended-wear  contact  lenses.  The  Food 
and  Drug  Administration,  the  National  Center  for 
Health  Care  Technology,  and  the  National  Eye 
Institute  have  all  provided  research  support  in  these 
areas.  Professional  societies  have  sponsored  re- 
search projects  and  numerous  individual  investiga- 
tors funded  through  private  sources  have  conducted 
studies.  In  FY  1981,  the  National  Eye  Institute 
funded  10  projects  at  a  total  cost  of  $734,000 
directly  concerned  with  cataract  treatment  and  the 
correction  of  aphakia. 


The  Food  and  Drug  Administration  has  spon- 
sored a  large-scale  national  study  of  intraocular 
lenses  to  determine  their  safety  and  efficacy.  In  this 
study,  all  intraocular  lenses  were  treated  as  investi- 
gational devices,  and  each  implant  surgeon  submit- 
ted preoperative  and  postoperative  data  to  the 
manufacturer   and   the   FDA   on   a  regular  basis. 

The  FDA  also  has  monitored  clinical  trials  on 
extended-wear  contact  lenses,  daily-wear  soft  lenses 
for  aphakia,  as  well  as  the  intraocular  lens.  This 
important  function  will  be  continued  through  the 
next  five  years.  Very  little  Federal  funding  has  been 
provided  for  the  development  of  IOLs  or  contact 
lens  materials  or  of  methodology  for  assessing  their 
toxicity. 

Professional  societies — organizations  of  ophthal- 
mic surgeons  interested  in  implantation  surgery — 
have  supported  studies  of  intraocular  lens-induced 
inflammation,  manufacturing  and  sterilization  proce- 
dures, and  lens  coating  materials.  A  rapid  response 
system,  now  available  for  reporting  unusual  intraoc- 
ular lens  complications,  has  led  to  the  recall  of 
batches  of  contaminated  or  otherwise  defective 
intraocular  lenses. 


RECENT 
ACCOMPLISHMENTS 

Major  advances  in  cataract  treatment  during  the 
past  five  years  include  improved  microsurgical 
techniques  and  instrumentation  for  both  intracapsu- 
lar and  extracapsular  cataract  extraction,  resulting 
in  better  wound  closure  and  fewer  complica- 
tions. 27,28  As  a  result,  patients  can  leave  the  hospital 


in  just  a  few  days  following  surgery. 


FIGURE  3.  Percentage  of  all 
intraocular  lenses  implanted  by 
class  for  each  six-month  period 
since  FDA  study  began  in 
February  1978.  (Reprinted  from 
Stark  WJ,  Worthen  D,  Holladay 
JT,  et  al.  Ophthalmology 
90(4):31 1-317,  1983.) 
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Sodium  hyaluronate,  a  material  that  mimics  vitre- 
ous humor,  has  been  introduced  as  an  adjunct  to 
cataract  surgery.29-31  This  material  provides  a 
cushion  between  the  cornea  and  the  intraocular  lens 
during  surgery  and  prevents  contact  of  the  intraocu- 
lar lens  with  the  cornea.  Although  it  is  a  potential 
advance  in  cataract  eye  surgery,  it  needs  further 
study  because  complications  from  its  use,  such  as 
inflammation  and  glaucoma,  have  been  noted.31,32 

Correction  of  Aphakia 

Contact  Lenses.  Hard  plastic  contact  lenses  for 
aphakia  have  been  used  for  several  years  with 
success,  at  least  in  adults.  Soft  daily-wear  contact 
lenses  for  aphakia  have  been  introduced  within  the 
past  five  years.  Soft  extended-wear  contact  lenses 
are  under  investigation  as  alternatives  to  hard  and 
soft  daily-wear  contact  lenses  in  various  types  of 
refractive  correction.  Certain  types  which  have 
been  approved  recently  by  the  FDA  for  use  in 
aphakia, 18'33-34  are  a  major  accomplishment,  for 
they  allow  postoperative  patients,  who  often  have 
problems  inserting  and  removing  contact  lenses,  the 
option  of  wearing  lenses  continuously  for  extended 
periods,  sometimes  up  to  several  months.  However, 
complications  of  wearing  extended-wear  lenses  in- 
clude deposits  on  the  lenses  and  neovascularization 
of  the  cornea.  Further  study  is  therefore  necessary 
to    find    ways    of   preventing    these    occurrences. 

Intraocular  Lenses.  Studies  of  the  corneal  endo- 
thelium using  specular  microscopy  have  been  per- 
formed to  compare  the  results  of  intracapsular  with 
those  of  extracapsular  extractions  with  and  without 
intraocular  lenses.  There  appears  to  be  no  significant 
difference  in  the  endothelial  effects  of  these  two 
types  of  surgical  procedures.  However,  contact  of 
the  intraocular  lens  surface  with  the  corneal  endo- 
thelium can  result  in  instantaneous  damage  to  this 
important  inner  layer  of  the  cornea. 35  The  occur- 
rence of  cystoid  macular  edema  may  also  vary 
depending  on  the  type  of  surgery  and  the  style  of 
intraocular  lens.  36 

The  Food  and  Drug  Administration  has  estab- 
lished guidelines  to  regulate  the  use  of  intraocular 
lenses.37  In  one  18-month  period,  almost  180,000 
intraocular  lens  implantations  were  reported  to  the 
FDA.  Although  early  clinical  results  with  intraocu- 
lar lenses  had  revealed  significant  complications  in 
many  patients,  sometimes  causing  blindness,  these 
were  found  to  be  due  primarily  to  faulty  lens 
designs  and  manufacturing  defects.  However,  many 
improvements  have  been  made,  and  several  inde- 
pendently sponsored  natural  history  studies  of  intra- 
ocular lens  implantations  recently  have  reported 
increasing  evidence  of  the  safety  of  this  proce- 
dure. 20- 35. as- 4i    still,    no    controlled    clinical    trials 


have  been  completed,  and  uncertainty  remains  over 
the  long-term  results  of  lens  implantation. 

Some  research,  primarily  funded  by  nongovern- 
mental sources,  has  involved  the  development  and 
study  of  lens  materials.  Participants  in  a  1979 
Consensus  Development  Conference  on  Intraocular 
Lens  Implantation  sponsored  by  the  National  Eye 
Institute  reviewed  lens  materials  then  being  used  for 
the  optic  and  haptic  (loop)  portions  of  the  intraocu- 
lar lens,  techniques  of  lens  manufacturing  and 
quality  control,  and  methods  for  evaluation  of  the 
lens  by  the  surgeon.  The  Panel  agreed  that  current- 
ly used  materials,  with  the  exception  of  metal  loops, 
generally  were  satisfactory,  although  they  may 
contain  substances  that  influence  tolerance.  A  major 
accomplishment  has  been  improved  coordination 
among  various  lens  manufacturing  companies  to 
develop  more  standardized  intraocular  lenses.  This 
has  largely  been  the  result  of  the  FDA  regulations 
and  efforts  of  professional  organizations  devoted  to 
the  study  of  intraocular  lenses. 

Intraocular  lens  materials  are  now  routinely 
tested  before  clinical  use  by  IOL  manufacturers. 
Tests  include:  injections  of  the  material  intravenous- 
ly and  interperitoneally,  implants  in  rabbit  muscle, 
rabbit  blood  histology  studies,  tissue  culture  agar 
overlay  studies  using  mammalian  cell  culture  sys- 
tems, rabbit  intracutaneous  injections,  and  guinea 
pig  sensitivity  studies.  Intraocular  lens  coatings  also 
may  be  important  in  preventing  damage  due  to  the 
IOL  touching  the  endothelium  during  sur- 
gery.3142-43 It  is  hoped  that  current  and  future 
studies  will  result  in  better  materials  to  prevent  such 
corneal  damage. 35'42-46 

Aphakia  in  Children.  As  mentioned  earlier,  unique 
problems  exist  for  correcting  aphakia  in  children. 
Dense  amblyopia  may  develop  rapidly  in  children 
under  age  five. 41  Although  daily-wear  hard  contact 
lenses  and  soft  contact  lenses  are  difficult  to  insert 
and  remove  by  children, 48  methods  have  been 
developed  for  using  soft  contract  lenses  in  the 
correction  of  unilateral  and  bilateral  aphakia  in 
children  to  maximize  their  residual  visual  func- 
tion.4950  Recently,  extended-wear  contact  lenses 
have  added  a  new  dimension  to  the  management  of 
such  cases. 51 

Because  very  little  is  known  about  the  long-term 
effects  of  intraocular  lenses,  many  ophthalmologists 
believe  that  there  are  relatively  few  indications  for 
lens  implantation  in  infants  and  young  chil- 
dren.22,36'52  Also,  different  optical  powers  are 
needed  as  the  eye  grows. 51  More  promising  but 
inconclusive  results  have  been  reported  in  older 
children  with  noncongenital  cataracts. 1S  Because  a 
contact  lens  in  unilateral  aphakia  may  be  inadequate 
for  correction  of  the  image  size  differences  in  the 
two  eyes,  the  use  of  the  intraocular  lens  alone  or  a 
combination  of  contact  lens  and  glasses  may  reduce 
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the  image  size  in  the  aphakic  eye,  so  that  binocular 
vision  may  be  achieved.  Well-designed,  controlled 
studies  are  necessary  to  clarify  the  role  of  the 
intraocular  lens  in  the  management  of  congenital 
and  childhood  cataract. 

Although  some  studies  of  refractive  corneal  sur- 
gery for  aphakia  are  only  in  the  planning  process, 
these  investigations  should  be  strongly  supported, 
for  they  may  offer  hope  to  thousands  of  infants  and 
children  with  cataract  who  become  amblyopic, 
even  after  successful  cataract  surgery. 

Presbyopia 

Considerable  research  has  been  performed  on  meas- 
uring the  resting  point  of  accommodation. 53,54  Al- 
though lens  curvature  changes  can  be  measured,  it  is 
difficult  to  assess  the  activity  of  the  stimulated 
ciliary  body.  It  is  possible  to  measure  an  electrical 
potential  related  to  ciliary  body  activity,  and  an- 
other measure,  termed  "impedance,"  has  been  used 
as  an  index  of  ciliary  body  contraction.55,56  This 
technique  allows  an  indirect  measure  of  muscle 
contraction  to  evaluate  changes  in  blood  volume 
during  the  initial  phases  of  ciliary  body  muscle 
contraction.  An  attempt  has  been  made  to  relate 
changes  in  impedence  during  ciliary  body  contrac- 
tion to  measurements  of  changes  in  lens  curvature. 56 
Central  nervous  system  connections  involving 
accommodation  recently  have  been  clarified,  open- 
ing new  areas  for  research  on  presbyopia  and  other 
refractive  errors. 57,5S  There  is  as  yet  no  solution  to 
the  problem  of  loss  of  accommodation  in  presbyopia 
and  after  removal  of  cataract.  Therefore,  aphakic 
children  and  adults,  despite  the  use  of  contact 
lenses,  aphakic  eyeglasses,  or  intraocular  lenses  for 
sharp  distance  acuity,  must  all  wear  special  eye- 
glasses to  read.  There  is  a  total  lack  of  information 
about  a  more  physiologic  way  to  correct  this  near- 
vision  handicap,  which  is  common  to  everyone  over 
45  or  50  years  of  age  and  to  all  people  who  have 
had  a  cataract  extraction. 


RESEARCH  NEEDS 
AND  OPPORTUNITIES 

When  the  cause  of  cataract  is  discovered  and  means 
of  prevention  developed,  there  will  be  much  less 
need  for  cataract  surgery  or  aphakic  correction.  In 
the  meantime,  it  is  important  to  study  and  refine 
surgical  techniques  further  and  to  search  for  medi- 
cal means  of  treating  and  arresting  cataract  progres- 
sion. In  addition,  the  explosion  of  information  on 
intraocular  lenses  and  extended-wear  contact  lenses 
should  be  monitored  and  assessed  with  appropriate 
longitudinal  studies. 


Because  of  the  potential  for  clinical  benefit  within 
a  short  time,  clinical  studies  of  the  safety  and 
efficacy  of  various  surgical  approaches  to  cataract 
and  studies  of  existing  and  innovative  methods  of 
correcting  aphakia  are  mandatory.  In  particular, 
better  epidemiological  and  statistical  data  compar- 
ing intracapsular  with  extracapsular  extraction  are 
needed.  These  should  include  information  on  visual 
results  and  complications.  The  relationship  between 
various  methods  of  cataract  extraction  and  subse- 
quent cystoid  macular  edema  and  retinal  detach- 
ment warrants  further  study.  The  relative  risk  of 
cystoid  macular  edema  and  retinal  detachment  in 
extracapsular  versus  intracapsular  surgery  (in  the 
presence  or  absence  of  an  intraocular  lens)  should 
be  investigated.  Studies  to  determine  the  optimal 
timing  and  technique  for  discission  (cutting)  of  the 
posterior  lens  capsule  after  extracapsular  surgery 
and  methods  for  preserving  the  transparency  of  the 
posterior  capsule  after  extracapsular  extraction  are 
major  priorities.  Clinical  trials  also  should  include 
patients  with  intraocular  lenses  or  extended-wear 
contact  lenses  to  determine  such  factors  as  the 
visual  results,  complications,  incidence  of  cystoid 
macular  edema,  and  corneal  edema. 

Improved  tolerance  of  intraocular  lenses  should 
be  a  goal  of  future  research  that  emphasizes  study- 
ing the  mechanism  of  IOL-induced  inflammatory 
reaction.  Improved  intraocular  lens  materials  or 
coatings  and  surgical  adjuncts  to  minimize  damage 
to  the  endothelium  are  needed.  It  is  hoped  that  there 
will  be  continued  movement  toward  industry-wide 
adoption  of  uniform  physical  and  chemical  manu- 
facturing standards,  although  all  current  alternative 
intraocular  lens  implantation  techniques  seem  to  be 
satisfactory,  provided  that  stringent  quality  control 
is  maintained.  Continued  cooperation  is  crucial 
among  the  research,  manufacturing,  and  ophthalmic 
communities  to  improve  lens  implant  design,  materi- 
als, and  packaging. 

Innovative  approaches  to  removing  cataracts 
should  be  encouraged.  Enzymatic  or  other  methods 
of  chemical  dissolution  may  be  possible  and  deserve 
the  attention  of  researchers.  Animal  models  should 
be  employed  in  developing  such  new  approaches 
and  in  studying  intraocular  lens  materials  and 
coatings,  toxicity,  and  complications,  including  cor- 
neal endothelial  effects.  Currently,  no  such  animal 
model  studies  are  supported  by  the  National  Eye 
Institute. 

Methods  directed  toward  medical  treatment  of 
cataract  should  be  strongly  supported.  At  present, 
such  studies  in  man  are  practically  nonexistent.  In 
particular,  various  drugs  that  reduce  cataract  in 
laboratory  studies  should  be  studied  further. 

A  particularly  important  and  urgent  need  is  the 
study  of  visual  function  in  children  with  cataract, 
before  and  after  surgery,  to  find  better  methods  of 
correcting  aphakia  and  preventing  amblyopia.  The 
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role  of  intraocular  lenses,  extended-wear  lenses,  and 
corneal  refractive  surgery  in  children  with  cataracts 
must  be  clarified. 

More  research  is  needed  to  clarify  the  nature  of 
the  accommodative  response.  The  interaction  be- 
tween the  lens  and  the  ciliary  body  and  changes  in 
accommodation  associated  with  aging  are  still  un- 
clear. 

Because  many  of  the  studies  published  to  date 
concerning  the  safety  and  efficacy  of  various  surgi- 
cal procedures  for  cataract  (with  and  without 
intraocular  lenses  and  with  and  without  extended- 
wear  contact  lenses)  are  deficient  in  terms  of  study 
design,  more  trained  personnel  are  required  to 
assure  well-designed,  controlled  studies.  There  is 
also  a  need  for  centers  or  organizations  to  train 
ophthalmologists  in  study  design  and  clinical  trial 
procedures. 


years,  provided  that  high  quality  applications  for 
research    grants   in    these   areas   are   forthcoming. 

Program  Base 

■  Improve  the  safety  and  results  of  cataract  extrac- 
tion by  developing  methods  to  prevent  complica- 
tions, such  as  posterior  capsule  opacification, 
toxic  effects  of  intraocular  lens  materials,  and 
damage  to  corneal  endothelium  during  cataract 
surgery. 

■  Study    the   mechanics   of  lens   accommodation. 

■  Study  the  mechanisms   of  lens-induced   uveitis. 

■  Use  controlled  clinical  trials  to  determine  the 
safety  and  efficacy  of  various  methods  of  aphakic 
correction  following  cataract  surgery,  including 
intraocular  lenses,  contact  lenses,  and  modifica- 
tion of  corneal  curvature. 


RECOMMENDATIONS 


Based  on  the  foregoing  assessment  of  recent  accom- 
plishments, current  activities,  and  research  needs 
and  opportunities  in  "Treatment  of  Cataract  and 
Correction  of  Aphakia,"  the  Panel  has  made  the 
following  recommendations  concerning  research  in 
this  subprogram  over  the  next  five  years.  These 
have  been  grouped  under  two  headings:  Program 
Baie  and  Program  Development  Priorities. 

The  Program  Base  includes  areas  of  ongoing 
research  where  the  current  level  of  activity  is 
considered  adequate,  or  areas  of  ongoing  research  in 
which  there  may  be  great  need  for  additional 
activity,  but  where,  in  the  Panel's  judgment,  little  or 
no  opportunity  (new  methods  or  insights)  exists  at 
present  to  justify  a  significant  expansion  of  effort. 
Nonetheless,  additional  applications  for  research 
grants  in  these  areas  may  be  funded  if  they  are 
innovative  and  of  very  high  quality  as  determined 
by  the  NIH  peer  review  system. 

Program  Development  Priorities  include  areas  of 
ongoing  research  in  which  new  knowledge  and 
techniques  offer  particular  opportunities  for  scientif- 
ic progress,  or  promising  new  areas  of  research  in 
which  there  is  little  or  no  support  at  present  but 
where  there  is  both  great  need  and  high  potential 
for  success.  Such  areas  are  judged  to  warrant 
significantly  increased  support  over  the  next  five 


Program  Development  Priorities 

■  Compare  the  results  of  various  methods  of 
cataract  surgery,  for  example,  extracapsular 
versus  intracapsular  cataract  extraction,  through 
controlled  clinical  trials. 

■  Develop  improved  techniques  of  cataract  man- 
agement and  treatment  in  infants  and  children, 
and  determine  the  influence  of  aphakia  on  the 
development  of  vision  in  this  age  group. 

■  Develop  and  assess  techniques  and  methods  to 
evaluate  proposed  modes  of  cataract  prevention 
and  treatment  in  man. 


RESOURCE 
REQUIREMENTS 

After  reviewing  current  research  grant  support  in 
each  of  these  categories  and  assessing  the  need  and 
potential  for  future  development,  the  Panel  has 
estimated  the  number  of  projects  it  believes  are 
needed  to  carry  out  its  recommendations  in  FY 
1983.  These  estimates  are  shown  in  the  table  on  the 
following  page.  For  a  discussion  of  the  general  basis 
and  significance  of  these  projections,  see  the  "Sum- 
mary" at  the  beginning  of  this  report. 


106 


7.  Treatment  of  Cataract  and  Correction  of  Aphakia 


RESOURCE  TABLE 

TREATMENT  OF  CATARACT  AND  CORRECTION 
OF  APHAKIA 


No.  of  Grants 
FY  1981 


Panel  Recommendation  FY  83 


Add.  Grants 


Total  Grants 


Program  Base 

A.  Improve  cataract  extraction  by  preventing 
complications  from  surgery. 

B.  Study  mechanics  of  lens  accommodation. 

C.  Study  the  mechanisms  of  lens-induced  uveitis. 

D.  Use  controlled  clinical  trials  of  various  methods  of 
aphakic  correction  following  cataract  surgery. 

Program  Development  Priorities 

A.  Compare  results  of  various  methods  of  cataract 
surgery. 

B.  Develop  improved  techniques  of  cataract  management 
and  treatment  in  infants  and  children,  and  the 
influence  of  aphakia  on  development  of  vision  in  this 
age  group. 

C.  Develop  and  assess  techniques  and  methods  in  cataract 
prevention  and  treatment. 

Subtotal  Grants 
(%  of  Program) 

Total  Estimated  Cost 


1 
0 


10 
(10) 

$734,000 


4 
(11) 

$778,000 


14 

(10) 

$1,512,000 


•Includes  two  single-center  clinical  trials:  Cataract  Management- 
A  Randomized  Controlled  Clinical  Trial  and  Effects  of 
Intraocular  Lenses  on  Corneal  Endothelium. 
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